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A-INTRODUCTION 

The  focus  of  the  FCCC  Institutional  Breast  Cancer  Training  Program  (EBCTP)  is  to  integrate  the  unique 
talents  and  interests  of  the  Center’s  basic  scientists,  clinical  investigators  and  behavioral  scientists  to 
create  a  comprehensive  effort  to  approach  the  problems  of  breast  cancer.  The  rich  scientific  and 
intellectual  environment  of  FCCC  is  nurtured  by  a  cohesive  interdisciplinary  program  that  is  based  on 
expertise  in  areas  of  high  relevance  to  breast  cancer.  The  Institutional  Breast  Cancer  Training  Program 
offers  to  the  postdoctoral  trainees  practical  experience  in  the  fields  of  cellular  and  molecular  biology,  drug 
resistance  and  targeted  immunotherapy,  genetic  epidemiology  and  control,  psychosocial  and  behavioral 
medicine,  as  well  as  breast  cancer  prevention,  diagnosis,  and  treatment. 

B-BODY 

B-i.  Organization  of  the  FCCC-Institutional  Breast  Cancer  Training  Program.  Following  our  statement 
of  work  we  have  accomplished  the  following  tasks: 

Task  1.  During  the  second  year  of  the  program  we  have  been  implementing  the  training  phase  of 
the  program  by  monitoring  each  of  the  individual  projects  (see  Section  B-ii  to  v).  In  addition  the  trainees 
have  been  attending  at  least  one  general  lecture  a  week  from  those  offered  by  the  Fox  Chase  Cancer 
Center  and  a  special  seminar  targeted  to  the  formation  of  the  trainees  addressing  critical  subjects  in  breast 
cancer  (Appendix,  Exhibit  A).  We  have  established  a  half-day  seminar  twice  a  year  in  which  the  trainees 
present  their  work  in  front  of  the  Faculty  and  the  Advisory  Panel.  The  first  one  took  place  in  March  of 
2001,  the  second  one  on  September  2001  and  the  third  one  on  March  of  2002. 

Most  of  the  Trainees  have  presented  their  work  in  National  and  International  meeting  (see  Section  D  on 
reportable  outcomes).  All  the  Trainees  will  participate  in  the  Meeting  Era  of  Hope  this  coming  September 
25-28  in  Orlando  Florida. 

Task  2.  Applicant  selection  for  the  second  cycle  will  start  this  coming  July.  Due  that  most  of  the 
trainees  started  on  November  2001,  the  two  years  cycle  will  be  completed  on  this  time.  Using  the  web 
page  http://www.fccc.edu/postdoc/BreastCaTraining.html  developed  by  our  Recruitment  Panel  formed 
by  our  Faculty  members  we  have  received  a  numerous  requests  and  applications  for  this  second  cycle. 
Another  source  is  the  contacted  scientists  in  the  breast  cancer  area  by  phone  and  e-mail.  All  the  applicants 
were  required  to  present  a  statement  of  the  fellow’s  background,  training,  and  professional  interests  and 
goals,  and  a  minimum  of  three  recommendation  letters.  Fellows  applying  to  the  program  must  have  a 
Ph.D.  or  M.D.  degree  with  background  in  biology,  molecular  biology;  chemistry,  including  organic  and 
physical  chemistry;  mathematics;  biochemistry;  genetics,  and  or  behavioral  sciences.  Important 
evaluation  criteria  used  by  The  Recruitment  Panel  and  the  Applications  Evaluation  Committee  is  the 
evaluation  of  personal  statements  of  research  and  career  goals,  previous  laboratory  research  experience, 
publications,  and  the  recommendation  letters  submitted. 
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B-ii-  Study  of  the  functional  role  of  chromosomes  11, 13,  14  and  17  in  the  process  of  immortalization, 
transformation  and  tumorigenesis  of  human  breast  epithelial  cells. 

Trainee:  Hasan,  M.  Lareef,  M.D. 

Mentor:  Jose  Russo,  MD 


Introduction 

Although  the  specific  causative  agent  in  breast  cancer  is  still  elusive,  significant  advances  have  been 
obtained  in  the  biologic  and  molecular  basis  of  the  disease.  Genomic  alterations  such  as  oncogene 
activation,  loss  of  genetic  material  (LOH)  and  alterations  in  mismatch  repair  genes  play  a  major  role  in 
the  initiation  and  progression  of  the  disease  (1-4).  Up  to  now  loss  of  genetic  material  has  been  identified 
in  at  least  11  different  chromosomes.  However,  the  functionality  or  significance  of  these  genomic 
alterations  in  breast  cancer  has  been  poorly  understood.  The  functionality  of  genomic  alterations  has  been 
demonstrated  by  utilizing  microcell-mediated  chromosome  transfer  (MMCT),  a  technique  that  has  been 
widely  used  for  analyzing  the  functional  role-played  by  gene/s  located  on  a  candidate  chromosome  (5-8). 
This  technique  has  allowed  mapping  putative  tumor  suppressor  genes  (9-12),  senescence  genes  (13),  and 
metastasis  genes  (14-16)  to  various  chromosomes  in  human  cancer  cells.  To  further  understand  and 
identify  which  specific  gene/s  are  involved  in  the  process  of  immortalization,  transformation  and 
tumorigenesis  we  have  developed  an  in  vitro  experimental  system  (17-25)  that  recapitulate  the  different 
stages  of  breast  cancer  initiation  and  progression. 

Body 

a-Transformation  of  human  breast  epithelial  cells  in  vitro. 

We  have  shown  that  the  immortalized  MCF10-F  cells  are  transformed  with  the  chemical  carcinogen  benz 
(a)  pyrene  (BP)  originating  the  BP1-E  cells.  The  BP1-E  cells  express  in  vitro  phenotypes  indicative  of 
neoplastic  transformation  such  as  resistant  to  Fas  mediated  apoptosis,  advantageous  growth,  anchorage 
independence,  enhanced  chemo  invasiveness,  and  absence  of  ductulogenic  capacity  (17-26).  BP- 
transformed  cells  are  weakly  tumorigenic  when  transplanted  in  a  heterologous  host  like  the  severe 
compromised  immuno  deficient  mice  (SCDD).  However,  when  these  cells  are  transfected  with  the  ras 
oncogene  they  turn  to  a  highly  tumorigenic  cell  line  BP1-T  ras  (17,18).  From  these  experiments  we  have 
developed  three  cell  lines  (BPlTras-T#l,  T#2,  and  T#3)  that  expressed  micro-satellite  instability  (MSI) 
and  loss  of  heterozygosity  (LOH)  in  several  loci  of  chromosome  11,13  an  17  (20).  In  order  to  test  the 
functionality  of  these  genomic  alterations,  the  chromosome  11,  13  and  17  were  transferred  to  the  three 
cell  lines  using  microcell  mediated  chromosome  transfer  technique  and  cell  selection  by  culture  in 
hygromycin.  Chromosome  14  that  has  been  found  not  to  be  modified  during  the  process  of  cell 
immortalization,  transformation,  and  tumorigenesis  was  used  as  control. 

b-Genomic  changes  and  functional  role. 

During  the  progression  of  immortalization,  transformation  and  tumorigenesis  several  genomic  changes 
were  detected  (18-26).  Loss  of  genetic  material  in  17q25.3  was  associated  with  the  immortalization 
phenotype  and  transfer  of  this  piece  of  chromosome  reverted  the  transformation  and  immortalization 
phenotypes  (26).  In  those  cells  in  which  retention  of  chromosome  17pl3. 1-13.2  were  identified  the 
immortalization  phenotype  was  not  abrogated  but  instead  they  presented  reversion  of  the  transformation 
phenotypes  including  induced  Fas  mediated  apoptosis  in  7  out  of  the  10  clones  studied.  The  reversion  of 
these  phenotypes  to  the  one  observed  in  the  MCF10  F  cells  is  associated  with  retention  of  an  allelic 
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portion  of  chromosome  17  at  the  pl3. 1-13.2  locus  (D17S796).  We  also  have  found  In  the  process  of 
transformation  by  BP  the  MCF10-F  cells  loss  genetic  material  in  Chromosome  17pI3. 1-13.2.  The  seven 
clones  with  chromosome  17  transferred  that  had  retained  the  portion  of  17p  are  the  ones  with  the 
abrogated  transformation  phenotypes.  This  clearly  indicates  that  this  locus  harbor  gene  or  genes 
controlling  the  Fas  complex  as  well  as  genes  that  may  be  associated  with  the  loss  of  ductulogenic  capacity 
and  anchorage  indepent  growth. 

Colony  formation  in  agar-methocel  assay  is  a  technique  utilized  as  an  in  vitro  assay  for  anchorage 
independent  growth,  a  parameter  indicative  of  neoplastic  transformation.  In  agar-methocel  MCF10-F 
cells  do  not  produce  any  colony  whereas  BP1-E  cells  produce  abundant  colony  formation  with  a  colony 
efficiency  of  23%.  This  CE  is  significantly  reduced  or  abrogated  in  those  clones  in  which  retention  of 
Chl7pl3. 1-13.2  was  found.  The  clones  that  did  not  retain  this  portion  of  Chl7  did  not  change  the  CE 
when  compared  with  the  parental  cells  BP1-E.  Chromosome  11  transfer  is  a  good  control  for  this  study, 
because  it  was  retained  in  BP1-E  transfected  cells  but  none  of  the  retained  portion  abrogated  the 
transformation  phenotype. 

The  ductulogenic  capacity  in  collagen  matrix  is  other  technique  by  which  we  could  evaluate  the  cell’s 
ability  to  differentiate  by  producing  ductular  structures.  MCF10F  cells  form  ductules  in  collagen  whereas 
BP1-E  cells  loss  the  ductulogenic  capacity.  This  phenotype  was  also  restored  in  those  clones  in  which 
Chl7pl3. 1-13.2  was  retained. 

In  a  previous  publication  (26)  we  have  shown  that  transfer  of  chromosome  17q25.3(D17S785)  was 
associated  with  abrogation  of  the  transformation  and  immortalization  phenotypes  of  BP1-E  cells. 
Immortalization  is  accepted  to  be  an  important  event  in  the  carcinogenic  process  (31,32);  the 
immortalization  phenomena  involve  abrogation  of  cellular  program  for  limiting  the  rate  and  the  number  of 
cell  replications.  Elevated  levels  of  telomerase  activity  have  been  detected  in  a  number  of  immortal  cell 
lines  and  human  tumor  tissues  (33-38).  In  addition,  abrogation  of  p53  has  been  associated  with 
immortalization  of  HBEC  (39,40).  In  the  process  of  spontaneous  immortalization  of  MCF10F  cells  the 
following  molecular  changes  have  been  detected;  balance  reciprocal  translocation  4  (3;  9)(3pl3:  9p22) 
(17),  calcium  independence  for  growing  in  culture  (41)  insertional  mutation  of  p53  in  exon  7  (40) 
stabilization  of  telomere  length  and  over  expression  of  H-ferritin  (42).  These  data  led  us  to  determine  if 
the  telomerase  activity  and  telomere  length  were  affected  in  the  BP1-E  cells  transferred  with  Ch.  17  or  Ch 
1 1  and  we  did  not  find  significant  difference  among  the  cell  lines.  On  the  other  hand  we  did  observed 
significant  difference  in  the  response  of  the  cells  to  apoptosis.  We  have  found  that  MCF10F  and 
MCF10A  cells  are  sensitive  to  Fas  mediated  apoptosis  whereas  (27)  BP1E  cells  are  resistant  to  Fas 
mediated  apoptosis.  The  relevance  of  our  work  in  that  the  abrogation  of  Fas  mediated  apoptosis  by  Ch. 
17pl3.1-13.2,  is  that  this  locus  may  contain  one  or  more  genes  controlling  the  Fas  complex.  Fas  mediated 
apoptosis  plays  a  major  role  in  apoptosis  and  the  survival  of  neoplastic  cells  (28).  We  have  previously 
demonstrated  that  in  MCF10F  cells  Fas  as  well  as  Fas  ligand  increased  at  mRNA  as  well  as  at  protein 
level  in  comparison  to  BP1-E  cells  (Unpublished  data).  The  aberration  in  the  signaling  pathways  leading 
to  apoptosis  may  result  in  cancer,  autoimmune  diseases  and  inflammatory  disorders  (29).  In  view  of  this, 
an  understanding  of  the  signaling  capabilities  of  apoptosis-inducing  death  receptors  is  essential  to 
understand  their  roles  in  cell  biology  and  breast  cancer  initiation  as  well  as  in  other  organ  neoplastic 
process.  In  addition,  mammary  involution  is  associated  with  degeneration  of  the  alveolar  structure  as  well 
as  programmed  cell  death  of  mammary  epithelial  cells  (27).  Estrogen  exposure  represents  the  major 
known  risk  factor  for  development  of  breast  cancer  in  women  and  estrogen  and  Tamoxifen  regulate 
Fas/FasL  expression  has  been  previously  reported  (28).  Chemotherapeutic  drugs  such  as  doxorubicin- 
induces  apoptosis  through  FasL  /Fas  signaling  pathway  in  proteolytically  cleave  FasL  in  tumor  cells  and 
induces  cell  death  (30).  All  these  findings  by  different  investigators  indicate  that  Fas  mediated  apoptosis 
in  breast  cancer  plays  a  major  role  in  breast  cancer  pathogenesis. 
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In  summary  our  work  demonstrates  that  the  chemical  carcinogen  benz  (a)  pyrene  induces  transformation 
of  MCF10F  cells  as  evidenced  by  anchorage  independence;  loss  of  ductulogenic  capacity  in  collagen  and 
loss  of  activation  of  Fas  mediated  apoptosis.  These  transformation  phenotypes  are  associated  with  LOH 
in  chromosome  17pl3. 1-13.2  regions  (D17S796).  Transfer  of  chromosome  17  pl3. 1-13.2  (D17S796) 
region  reverts  the  transformation  phenotypes  as  well  as  Fas  mediated  apoptosis.  We  postulate  that  the 
chromosome  17  (pl3. 1-13.2)  (Locus  D17S796)  region  may  contain  gene/s  responsible  for  maintaining 
ductulogenic  capacity  in  collagen,  colony  formation  in  agar-methocel  and  controlling  programmed  cell 
death  through  FAS  receptor/ligand  complex. 

c-The  role  of  chromosome  13. 

Chromosome  11,  14  and  17  transfer  were  unable  to  abrogate  the  tumori genic  phenotype,  therefore  the 
next  step  was  to  determine  if  the  changes  observed  in  chromoseme  13  were  associated  with  the  emergency 
of  this  phenotype.  Chromosome  13  transfer  to  BP1  Tras  T  #1,  T#2,  and  T  #3  have  allowed  us  to  obtain 
several  clones.  Of  interest  was  the  observation  that  those  clones  derived  after  transfer  of  chromosome  13 
to  T#  1  became  senescent  in  passage  1,  whereas  T#2  transfected  became  senescent  by  passage  5-  6 


Figure  1:  a-  BP1  T  ras  T#2  cells  in  culture  prior  to  transfer  of  chromosome  13;  b,  c,  d  and  e  show  clones  1,2,3 
and  4  respectively,  at  passage  five.  All  these  clones  are  arrested  in  grow  and  entering  in  senescence. 


(Figure  1).  A  different  result  was  obtained  when  the  BPl-Tra-T#3  was  transferred  with  chromosome  13 
in  which  several  permanent  cell  lines  were  originated.  They  were  designated  BP1  T  ras  T#3-13  hygro  12# 
1  (clone  1),  BP1  T  ras  T#3-13  hygro  12#  2(clone  2),  BP1  T  ras  T#3-13  hygro  12#  3(clone  3),  BP1  T  ras 
T#3-13  hygro  I2#4(clone  4),  BP1  T  ras  T#3-13  hygro  13#  l(clone  5),  BP1  T  ras  T#3-13  hygro  13#  2(clone 
6),  BP1  T  ras  T#3-13  hygro  13#  3(clone  7)  and  BP1  T  ras  T#3-13  hygro  I3#4(clone  8). 


Whereas,  MCF-10F  cells  grew  forming  a  monolayer  of  polyhedral  cells  without  overlapping  as 
previously  described  (26),  BP1-T  ras  cells  grew  faster  and  have  a  tendency  to  overlap.  MCF-10F  cells  do 
not  form  colonies  in  agar  methocel,  form  ductules  in  collagen  matrix  and  do  not  induce  tumorigenesis  in 
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SCID  mice,  instead  BPl-Tras  cells  grew  in  agar-methocel  and  produce  colonies  and  induced 
tumorigenesis  in  SCID  mice.  As  an  in  vitro  indication  of  neoplastic  transformation  we  studied  colony 
formation  in  agar  methocel  and  ductulogenesis  in  collagen  matrix  in  parental  cells  as  well  as  chromosome 
13  transfected  cell  lines.  We  did  not  identify  any  significant  differences  in  these  two  assays  between 
chromosome  13  transfected  clones  and  parental  tumorigenic  cells  except  clone  6  that  had  a  reduced 
colony  efficiency  and  smaller  colony  size  in  comparison  to  other  clones  and  parental  cells  (Figures  2A- 
D).  We  calculated  colony  efficiency,  colony  size,  plating  efficiency  and  survival  efficiency  as  previously 
reported(26) .  Plating  efficiency  (PE)  is  calculated  as  number  of  viable  cells  in  each  plate  after  24  hrs  of 
plating.  Figure  2A  indicates  the  parental  cells  as  well  as  all  clones  had  similar  PE.  Colony  efficiency  is 
calculated  as  percentage  of  colonies  after  21  days  in  comparison  to  total  number  of  viable  cells  after  24 
hrs  (Figure  2B).  Colonies  which  are  more  than  50  micron  were  counted  and  measured  by  using 
microscopic  grid  and  calculated  mean  colony  size  (CS)  (Figure  2C).  Survival  efficiency  (SE)  was 
calculated  as  percentage  of  number  of  viable  cells  after  21days  without  forming  colonies  in  comparison 
to  number  of  viable  cells  after  24  hrs. 


Figure  2A:  Plating  efficiency,  of  chromosome  13  transfected  clones. 


Figure  2B.  Colony  efficiency,  of  chromosome  13  transfected  clones 
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Figure  2C:  Colony  size,  of  chromosome  13  transfected  clones. 


FigurelD:  Survival  efficiency,  of  chromosome  13  transfected  clones 
d-The  abrogation  of  the  tumorigenic  phenotype  by  Chromosome  13. 

For  testing  this  phenotype  we  have  inoculated  15xl06  cells  of  clones  1,2, 4,  5  and  6  in  five  SCID  mice  per 
clone.  Chromosome  13  transfected  cell  lines  either  fails  to  produce  tumor  or  tumors  were  very  small  in 
comparison  to  parental  tumor  cell  line  (Figure  3). 

Figure  3:  a,  b  and  c  tumors  following  inoculation  of parental  BP1 
T  ras  T#3  cells,  d,  e  and  f  tumors  induced  by  inoculation  of  clones 
2,4  and  8,  that  are  transferred  with  chromosome  13 

Histological  examination  showed  that  parental  cells  produced 
very  malignant  poorly  differentiated  carcinomas,  whereas  chrl3 
transfected  clones  indicated  either  very  small  spindle  cell 
tumors  or  foreign  body  reaction. 

We  have  repeated  this  experiment  by  using  eight  clones  instead 
of  four  and  found  that  BPl-Tras  and  BPl-Tras  T#3  (parental 
control)  cells  produced  poorly  differentiated  tumors,  whereas 
chromosome  13  transfected  cells  either  failed  to  produce 
tumors  or  they  were  much  smaller  than  parental  cells  produced  tumor  (Figure  4).  Histologically  they  are 
small  spindle  cells  tumors.  Chromosome  14  transfected  BP1  T  ras  T#3  cells  did  not  abrogate  tumor 
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formation  All  five  clones  with  chrl4  produced  large  tumors  in  SCED  mice  like  parental  BP1T  ras  and  BP1 
T  ras  T#3  parental  cells  (Figure  4). 


Figure  4:  Tumorigenic  response.  Volume  of  tumors 
from  parental  Bpl  T  ras  t#3  cells  and  from  clones 
transferred  with  chromosome  13  and  chromosome 
14. 

In  summary,  transfer  of  BPIE-Tras  cells 
produce  tumors  in  SCID  mice  and  transfer  of 
chromosome  13  abrogate  the  tumori genesis. 
Chromosome  14  does  not  play  any  significant 
role  in  cell  transformation  and  immortalization 
in  human  breast  epithelial  cells. 
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B-iii.  Lymphedema  Prevention  in  Breast  Cancer  Survivors  (Project  1)  and  Knowledge  About  Genetic 
Risk  Assessment  and  Interest  in  Genetic  Risk  Assessment  for  Hereditary  Breast/Ovarian  Cancer 
Among  Inner  City  Women  ( Project  2).  By:  Kerry  Sherman,  Ph.D. 

Trainee:  Kerry  Sherman,  Ph.D. 

Mentor:  Suzanne  Miller,  Ph.D. 


Project  1: 

Introduction 

Approximately  20-30%  of  women  develop  lymphedema  (LE)  following  breast  cancer  treatment;  this 
condition  has  been  associated  with  psychological  distress  and  diminished  quality  of  life.  Effective 
symptom  management  requires  that  women  not  only  recognize  early  signs  of  this  condition,  but  that  they 
uptake  and  maintain  precautionary  practices  over  their  lifetime.  Yet,  the  limited  data  available  indicate 
that  knowledge  and  use  of  symptom  minimization  precautions  are  poor,  particularly  over  time. 
Unfortunately,  little  is  known  about  how  breast  cancer  survivors  perceive  their  LE  risk  status,  and  the 
cognitive-affective  factors  that  promote  the  uptake  of,  and  adherence  to,  LE  symptom  minimization 
precautions.  Further,  the  moderating  role  of  individual  differences  in  attentional  style  (i.e.,  high- 
monitoring,  which  entails  attending  to,  and  amplifying  health  threats,  versus  low-monitoring,  which 
entails  distracting  from  and  ignoring  such  threatening  cues)  has  not  been  explored. 

Body 

Guided  by  the  Cognitive-Social  Health  Information  Processing  (C-SHIP)  model,  we  will  conduct  a 
longitudinal  study,  to  assess  the  barriers  and  facilitators  associated  with  knowledge  about,  and  initiation 
and  sustained  adherence  to,  LE  symptom-minimization  practices  among  breast  cancer  survivors  currently 
unaffected  by  LE.  We  will  explore  the  mediating  role  of  cognitive-affective  variables,  and  the 
moderating  role  of  attentional  style,  on  knowledge,  uptake  and  adherence  over  time.  Toward  this  end,  we 
will  survey  levels  of  knowledge,  and  the  practice  of  symptom  minimization  precautions  at  baseline,  and 
again  at  6-,  and  12-month  follow-up.  Specific  Aims.  Aim  1:  To  delineate  the  underlying  cognitive- 
affective  mediating  mechanisms  promoting  the  uptake  of  LE  symptom-minimization  practices,  and 
their  sustained  adherence,  over  time.  Guided  by  the  C-SHIP  model,  we  predict  that  a  woman’s  pattern 
of  cognitive-affective  processing  dynamics  (i.e.,  risk  perceptions,  expectancies,  affect  and  self-regulatory 
strategies)  will  impact  on  her  EE-knowledge,  and  uptake  of,  and  adherence  to,  symptom  minimization 
practices.  Specifically,  greater  LE-knowledge,  greater  intent  to  establish  practices  and/or  adhere  to 
existing  practices,  as  well  as  greater  uptake  of  recommendations  and  sustained  adherence  will  be 
associated  with  heightened  risk  perceptions;  greater  self-efficacy,  greater  perceived  benefits  of,  and  fewer 
barriers  to,  enacting  symptom  minimization  practices;  lower  LE-related  distress;  and  greater  ability  to 
perform  self-regulatory  strategies,  over  time.  Aim  2:  To  assess  the  moderating  role  of  attentional  style 
on  the  uptake  of  and  adherence  to,  LE  symptom  minimization  practices,  over  time.  We  predict  that 
high  monitors  will  be  characterized  by  heightened  perceived  LE-risk.  This  focus  on  risk  will  also  activate 
increased  risk-related  distress,  lower  self-efficacy,  and  fewer  perceived  benefits  of,  and  greater  barriers  to, 
the  uptake  of  LE-precautions.  Hence,  high  monitors  will  consistently  display  greater  LE-related 
knowledge,  and  greater  intent  to  adhere  to  existing  practices,  and  to  establish  practices,  over  time,  than 
low  monitors,  whose  level  of  intent  will  diminish  over  time.  However,  high  monitors’  focus  on  threat 
may  undermine  their  intent  to  adhere  to  recommended  behaviors;  ultimately  high  monitors  may  be  as 
non-adherent  as  low  monitors.  Thus,  we  predict  that  there  will  be  no  differences  in  actual  uptake  and 
adherence  between  high  and  low  monitors,  over  time.  Study  Design.  Women  treated  for  breast  cancer, 
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who  are  presently  LE-symptom  free  (N=178),  will  complete  a  baseline  questionnaire  on  the  day  of  their 
post-adjuvant  therapy  follow-up  appointment.  Cognitive-affective  mediators  (e.g.,  perceived  LE  risk, 
expectancies  and  beliefs,  risk-related  distress,  self-regulatory  strategies)  will  be  assessed  at  baseline,  and 
at  6-,  and  12-month  follow-ups.  We  are  currently  awaiting  DOD IRB  approval  for  this  study. 

Project  2 

Introduction 

Among  minority  women  in  the  United  States,  the  incidence  and  mortality  rates  for  breast  cancer  are 
disproportionately  high  compared  with  that  of  Caucasian  women.  The  recent  discovery  and  identification 
of  the  BRCA1  and  2  genes  associated  with  inherited  susceptibility  to  breast  and  ovarian  cancer  has  led  to 
the  implementation  of  breast  cancer  familial  risk  assessment  programs.  BRCA1/2  mutations  account  for 
approximately  5%  of  breast  cancer  cases,  and  confer  an  estimated  range  from  36-85%  lifetime  risk  of 
developing  breast  cancer,  and  a  16-60%  lifetime  risk  for  ovarian  cancer.  Recent  investigations  of 
BRCA1/2  mutations  in  African  American  populations  have  identified  similar  rates  of  these  mutations  as 
have  been  previously  identified  in  Caucasian  populations.  Interest  in,  and  uptake  of,  breast  and  ovarian 
cancer  risk  assessment  and  genetic  testing  programs  are  especially  low  for  minority  women  and  women  of 
low  socio-economic  status.  However,  since  most  of  the  research  about  the  uptake  and  impact  of  risk 
assessment  programs  has  focused  on  Caucasian  women,  few  data  are  available  about  how  minority 
women  understand  their  genetic  risk  status,  and  the  psychosocial  factors  that  promote  or  undermine 
participation  in  genetic  risk  assessment  programs.  Lack  of  sufficient  knowledge  of  available  surveillance 
regimens  and  risk  assessment  programs  may  be  one  factor  related  to  underutilization  of  breast  cancer 
screening  and  risk  assessment  resources  by  low-income  women,  since  women  who  lack  sufficient 
knowledge  of  available  surveillance  regimens  cannot  take  advantage  of  them  (43,44). 


Body 

Guided  by  the  Cognitive-Social  Health  Information  Processing  (C-SHIP)  framework,  we  are  conducting  a 
cross-sectional  survey,  to  explore  levels  of  knowledge  about  BRCA1/2  genetic  mutations  in  relation  to 
breast  and  ovarian  cancer  susceptibility,  and  level  of  interest  in  receiving  cancer  risk  counseling  and 
BRCA1/2  genetic  testing  among  inner  city  women.  Psychosocial  predictors  assessed  include  perceived 
risk  of  developing  breast/ovarian  cancer,  perceived  control  over  cancer,  breast/ovarian  cancer  risk-related 
intrusive  and  avoidant  ideation  (Revised  Impact  of  Events  Scale),  fatalism  (Powe  Fatalism  Scale)  and 
social  support  (Donald  &  Ware  Social  Contact  and  Group  Participation  Scale).  Participants  (N=78) 
recruited  from  two  gynecological  clinics  at  Temple  University  Hospital  were  moderately  well-educated 
(39.2%  completed  high  school,  35.5%  college  educated),  average  age  40  years,  and  comprised 
predominantly  minority  ethnicities  (15.4%  Hispanic,  African  American  37.2%,  Asian/  Pacific  Islander 
6.4%,  Caucasian  33.3%).  Level  of  genetics  knowledge  was  strikingly  low  with  86%  of  participants 
reporting  that  they  had  never  heard  of  BRCA1/2  genes.  In  contrast,  more  than  one  half  of  the  participants 
indicated  a  high  level  of  interest  to  pursue  cancer  risk  assessment  counseling  for  breast/ovarian  cancer 
(68.5%)  and  to  receive  genetic  testing  (63.6%).  Interest  in  risk  assessment  was  associated  with  increased 
perceived  risk  for  ovarian  cancer  (p<.05),  increased  perceived  control  over  ovarian  cancer  (p<.05),  and 
enhanced  social  support  (pc.Ol).  In  addition,  greater  social  support  was  associated  with  increased  interest 
in  undergoing  genetic  testing  (pc.Ol). 

Discussion. 
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These  interim  results  highlight  the  importance  of  the  woman’s  perceptions  and  her  beliefs  related  to 
breast/ovarian  cancer  when  contemplating  participation  in  genetic  risk  assessment  programs.  The  finding 
that  heightened  perceived  risk  and  greater  social  support  was  associated  with  increased  interest  in 
pursuing  breast/ovarian  cancer  risk  assessment  is  consistent  with  similar  studies  among  African  American 
women.  Accuracy  of  risk  assessment  may  be  improved  through  educational  intervention,  and,  when  risk 
information  is  provided  within  the  context  of  a  trusting  relationship  (i.e.,  social  support),  interest  in 
genetic  testing  may  increase.  Moreover,  the  association  between  perceptions  of  control  over  ovarian 
cancer  and  level  of  interest  in  genetic  risk  assessment  extends  the  existing  knowledge  base  that  has  shown 
a  strong  link  between  participation  in  cancer  screening  and  beliefs  in  the  efficacy  of  cancer  control 
approaches.  However,  there  appears  to  be  a  large  discrepancy  between  interest  levels  and  the 
accompanying  knowledge  base.  In  this  study,  high  levels  of  interest  were  evident  within  a  poorly 
informed  population.  These  preliminary  results  build  upon  those  of  Hughes  et  al.  (45)  who  showed  that 
despite  having  lower  levels  of  knowledge,  African  American  women  report  more  positive  attitudes  about 
the  benefits  of  genetic  risk  assessment.  Given  the  complexity  and  uncertainty  of  genetic  risk  information, 
these  preliminary  results  suggest  the  need  for  tailored  educational  and  counseling  risk  assessment 
protocols,  targeted  to  an  inner  city  population.  Data  collection  for  this  project  is  ongoing,  with  a  target 
sample  size  of  100. 
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B-iv-  Roles  of  y-synuclein  in  breast  cancer  progression  and  metastasis. 

Trainee:  Zhong-Zong  Pan,  Ph.D. 

Mentor:  Andrew  Godwin,  Ph.D. 


Introduction 


The  synucleins  (a,  (3,  y,  synoretin)  are  a  family  of  highly  conserved  small  proteins  that  are  normally 
expressed  predominantly  in  neurons.  Little  is  known  about  the  normal  functions  of  synucleins  in 
physiological  conditions.  Of  the  synucleins,  cc-synuclein  is  the  best  characterized  because  of  its  potential 
significance  in  neurodegenerative  diseases  including  Parkinson’s  Disease.  Recently  we  and  others  have 
found  that  y-synuclein  is  dramatically  up-regulated  in  the  vast  majority  of  late-stage  breast  (70%)  and 
ovarian  (>  85%)  cancers  and  that  y-synuclein  over-expression  can  enhance  tumorigenicity  (46-48).  We 
also  observed  that  expression  of  y-synuclein  induces  a  phenotype  similar  to  that  induced  by  activation  of 
RhoA/Rac/CDC42,  altering  the  appearance  of  focal  adhesions  and  stress  fibers,  and  enhancing  motility 
and  invasion  in  ovarian  cancer  cells.  Recent  studies  by  Ji  and  colleagues  have  also  shown  that  when  y- 
synuclein  is  overexpressed  in  a  breast  tumor  derived  cell  line,  the  cells  experience  a  dramatic 
augmentation  in  their  capacity  to  metastasize  in  vivo  (49).  Based  on  these  known  data,  we  hypothesized 
that  y-synuclein  may  be  a  proto-oncogene,  and  that  the  abnormal  expression  of  this  protein  (i.e., 
oncogenic  form)  in  breast  and  ovarian  tumors  may  contribute  to  the  metastatic  spread  and  high  morbidity 
associated  with  advance  stages  of  these  diseases.  To  address  this  hypothesis,  we  first  ectopically  over¬ 
expressed  y-synuclein  in  several  cancer  cell  lines  and  the  effects  of  y-synuclein  on  the  phenotypes  of  these 
cells  were  charaterized.  The  mechanisms  underlying  y-synuclein  induced  cell  phenotype  changes  were 
investigated  by  biochemical  and  cellular  assays.  We  found  that  y-synuclein  is  associated  with  two  major 
mitogen-activated  kinases  (MAPK),  i.e.,  extracellular  signal-regulated  protein  kinases  (ERK1/2)  and  c- 
Jun  N-terminal  kinase  1  (JNK1).  Over-expression  of  y-synuclein  may  enhance  cell  motility  by  activating 
Rho/Rac/Cdc42  and  ERK  pathways.  JNK  activation  induced  by  stress  (UV,  arsenate,  and  heat  shock)  and 
chemotherapy  drugs  (Taxol,  vinblastine)  can  also  be  down-regulated  by  y-synuclein.  Finally,  we  found 
that  y-synuclein  can  protect  chemotherapy  drug-induced  cell  death  by  modulating  the  ERK  cell  survival 
pathway  and  the  JNK-mitochondria-Caspase9/3  pathway. 


Body 

y-Sy nuclein  interacts  with  ERK  and  JNK  MAP  kinases  in  cancer  cells  -  cx-Sy nuclein  has  recently  been 
E  i  reported  to  bind  directly  to  the  ERK2  kinase  (50).  Therefore,  we 

I  of  evaluated  whether  y-synuclein  could'  also  interact  with  the  ERK 

§  <  <  i  kinases  as  well  as  other  MAPKs.  By  co-immunoprecipitation 
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Fig.  1.  Interaction  between  y-  and  a-synucleins  with  ERK1/2  and  JNK. 
Cell  lysate  from  A2780,  A2780/gam  or  A2780/alpha  were 

immunoprecipitated  with  Syn303,  Nig  (normal  IgG)  or  irrelevant 
antibodies  (not  shown  here).  The  proteins  in  the  immunoprecipitates 
were  identified  by  immunoblotting  with  antibodies  against  ERK  1/2, 
JNK1,  p38,  and  y-2  (a  polyclonal  antibody  specific  for  y-synuclein). 
Molecular  mass  standards  (in  kilodaltons)  are  indicated  on  the  left. 
Non-specific  bands  around  the  IgG  heavy  (**)  and  light  (*)  chains  are 
indicated  by  asterisks. 
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approaches,  we  were  able  to  demonstrate  a  novel  association  of  y-synucleins  with  ERK1/2  and  JNK1 
kinase,  but  not  with  the  p38  kinase  (Fig.  1).  We  also  confirmed  that  a-synuclein  is  associated  with 
ERK1/2  as  well  with  JNK1  (Fig.  1),  which  is  consistent  with  the  recently  studies  using  neuro2a,  a 
neuronal  cell  line  (51).  These  data  indicate  that  y-  and  a-synuclein  can  interact  with  ERK1/2  and  JNK1  in 
cancer  cells  that  over-express  these  proteins. 

Elevated  activity  ofERK  in  cells  over-expressing  y-synuclein  -  We  next  evaluated  whether  these  protein 
interactions  would  affect  the  activity  of  ERK1/2  and/or  JNK1  (see  below).  In  A2780  and  OVCAR5 
cancer  cells  over-expressing  y-synuclein,  the  activated  ERK1/2  was  increased  2-3  fold  as  evidenced  by 
immunoblotting  with  an  anti-phospho-ERK  specific  antibody  (Fig.  2).  In  contrast,  a-  and  p-synucleins 

appeared  to  have  little  or  no  effect  on  the 
activity  of  ERK1/2  (Fig.  2A)  although  a- 
synuclein  was  also  found  to  be  associated  with 
ERK  (as  described  above  and  shown  in  Fig.  1) 
in  A2780  cells.  In  HEK  293  cells,  the  basal 
level  of  ERK  activation  is  undetectable  and  y- 
synuclein  over-expression  does  not  increase  its 
activation  level  (Fig.  2B).  Structural  analysis 
indicate  that  y-synuclein  does  not  contain  any 
kinase  domain,  suggesting  that  the  activation  of 
ERK  is  mediated  by  other  kinase.  Since 
MEK1/2  is  required  for  the  activation  of 
ERK  1/2  in  response  to  many  mitogens,  we 
determined  whether  MEK1/2  is  still  required 


Fig.  2.  Activation  of  ERK  in  cells  over-expressing  y-synuclein.  A,  ERK1/2  activation  is  enhanced  in  y- 
synuclein  over-expressing  A2780  cells.  Whole  cell  lysates  (40  /xg/lane)  from  A2780  cells  (parent)  or  A2780 
cells  transfected  with  y-,  (3-,  or  a-synuclein  were  separated  by  SDS-PAGE  and  blotted  with  appropriate 
antibodies.  The  levels  of  activated  ERK  or  total  ERK  1/2  were  determined  using  an  anti-phospho-ERK  specific 
antibody  or  ERK1/2  antibodies,  respectively.  The  number  beneath  each  band  represents  the  arbitrary 
densitometry  units  of  the  corresponding  band  (the  integrated  densitometry  reading  number  of  A2780  or 
OVCAR5  was  assigned  to  an  arbitrary  unit  1.0,  and  the  other  readings  were  normalized  thereafter).  The 
synucleins  were  evaluated  by  blotting  with  specific  antibodies,  i.e.,  y-2  for  y-synuclein,  Syn207  for  (3-synuclein, 
and  Syn204  for  a-synuclein,  respectively.  B,  activation  ofERK  by  y-synuclein  in  OVCAR5  cells  but  not  HEK 
293  cells.  Whole  cell  lysate  (40  pg/lane)  from  parental  or  y-synuclein  over-expressing  cells  were  separated  and 
blotted  as  in  A.  Panels  A  and  B  are  representative  of  at  least  three  independent  experiments  with  comparable 
results.  C,  fold  increase  of  ERK  activation.  The  data  shown  are  the  average  ±  S.E.  of  three  independent 
experiments.  Phosphorylated  ERK  was  normalized  to  the  protein  level  of  total  ERK.  The  basal  levels  of  ERK 
phosphorylation  in  the  parental  A2780  or  OVCAR5  cells  were  set  as  1.0.  (*)  Represents  significant  difference 
compared  to  the  parental  cells  (p  <  0.05). 

for  y-synuclein  mediated  activation  of  ERK1/2.  When  cells  over-expressing  y-synuclein  were  treated  with 
the  MEK1/2  inhibitor  U0126,  the  activation  of  ERK1/2  was  suppressed  (Fig.  3A).  We  further  studied  the 
relation  of  y-synuclein-ERK  interaction  and  the  activation  status  of  ERK1/2.  In  cells  treated  with  U0126 
or  serum-starved,  the  association  of  y-synuclein  and  ERK1/2  was  still  present  (Fig.  3B).  These  data 
indicate  that  y-synuclein  may  be  constitutively  associated  with  ERK1/2,  which  could  facilitate  the 
activation  of  ERK  by  MEK1/2  and  lead  to  the  constitutive  activation  of  ERK1/2  in  cells  over-expressing 
y-synuclein. 
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Fig.  3.  Requirement  of  MEK1/2  for  y-synuclein  enhanced 
ERK1/2  activation.  A,  A2780  and  A27 80/gam  cells  untreated  or 
treated  with  the  MEK1/2  inhibitor,  U0126  (10  pM),  were  lysed 
and  30  fig  of  proteins  were  loaded  into  each  lane.  As  in  Fig.  2, 
anti-  phospho-ERK  1/2  specific  antibody  was  used  to  detect 
activated  ERK1/2;  and  the  antibody  against  ERK1/2  was  used  to 
detect  the  protein  level  of  total  ERK1/2.  B,  the  interaction 
between  ERK  and  y-synuclein  is  independent  of  the  activation 
status  of  ERK1/2.  A2780/gam  cells  in  normal  10%  FBS 

medium,  10%  FBS  medium  with  U0126  (10  pM),  or  serum-free 
medium  were  lysed  and  immunoprecipitated  with  Syn303  or 
control  IgG.  The  proteins  in  the  immunoprecipitates  were 
detected  with  the  antibodies  against  ERK  1/2  or  against  human  y- 
synuclein  (y-2).  The  autoradiogram  shown  is  the  representative 
of  three  independent  experiments  with  comparable  results. 


Over-exprssion  of  y-synuclein  leads  to  increased  cell  motility-  Recent  studies  by  Jia  and  colleagues 

indicated  that  y- 
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synuclein  may 

increase  cell  migration 
and  metastasis  (49). 
We  also  established 
several  stable  cancer 
cell  lines  that  over¬ 
express  y-synuclein 
(Fig.  4A,  and  data  not 
shown)  and  found  that 
Y-synuclein  can 

enhance  cell  motility 
as  analyzed  by  Boyden 
chamber  assay  (Fig. 
4B,  4C,  4D,  and  data 
not  shown).  Consistent 
with  their  role  in  cell 
migration,  more  stress 
fibers  were  found  in 
cells  over-expressing 
y-synuclein  (Fig.  5) 


Fig.4.  y-Synuclein  enhance  cell  migration.  A,  y-synuclein  expression  in  parental  MDA-MB-435  cells,  and 
those  stably  transfected  with  pcDNA3  vector  alone,  or  with  CMV-y-synuclein  (two  clones  were  shown  here). 
B  throuhg  D,  Boyden  chamber  assay  for  cell  migration.  Cells  migrated  to  the  lower  chamber  were  stained 
(B)  and  counted  (C,  D).  _ 
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Fig.  5.  Induction  of  stress  fibers  by  y-synuclein. 
Parental  cells  (A2780,  OVCAR5,  and  MDA-MB-435) 
and  their  corresponding  y-synuclein  over-expressing 
cells  were  stained  with  Rhodamin-palloidin. 
Photography  was  taken  using  confocal  microscope  at 
FCCC  image  facility. 


Over-exprssion  of  y-synuclein  leads  to  activation  of  at  least  one  member  of  the  Rho  family  GTPase - 
Cell  migration  and  invasion  involves  a  series  of  coordinated  complex  processes,  including  focal  adhesion 
formation  in  the  front  and  release  of  adhesion  in  the  back,  polarized  stress  fiber  formation  and  disassembly 
and  contraction  (52).  Several  protein  kinases  are  known  to  regulate  these  processes,  including 
Rho/Rac/Cdc42  small  GTPase  proteins,  ERK,  Crk,  and  Akt  (53-56).  Among  these  effector  kinases,  Rho 
family  members  play  a  pivotal  role  in  regulating  stress  fiber  and  focal  adhesion  formation.  In  cells  over¬ 
expressing  y-synuclein,  we  found  at  least  one  major  Rho/Rac/Cdc42  member  is  activated  although  the 
protein  levels  of  these  proteins  were  not  affected  (Fig.  6). 


Total  Rho  Active  Rho 
(total  lysate)  (IP:  Rhotekin  RBD) 


£ 

m 

CL 


c 

<n 

*- 


1 

£ 

« 

a. 


U) 


MDA-MB- 

435 


OVCAR5 


s  s 


E 

03 


03 

o> 

E 

in 

in 

(0 

tr 

DC 

O) 

< 

< 

o 

o 

o 

O 

S 

s 

> 

> 

CM 

CM 

o 

o 

< 

< 

Active  Racl 
(IP:  PAK-1  PBD, 
IB:  Racl) 


Total  Racl 
(total  lysate, 
IB:  Racl) 


Active  Cdc42 
(IP:  PAK-1  PBD, 
IB:  Cdc42) 


A2780 


Total Cdc42  . 

(Totai 'y®8*®- 

IB:  Cdc4Z) 


Fig.  6.  Enhanced  activation  of  Rho  (A)  and  Rac/Cdc42  (B)  in  cancer  cells  over-expressing  y-synuclein.  A, 
whol3  cell  lysate  (2  mg  protein)  were  immunoprecipitated  with  Rhotekin  Rho  binding  domain  and  analyzed 
by  Western  blot  with  anti-Rho  antibody.  B,  who  cell  lysate  (2  mg  protein)  were  immunoprecipitated  with 
PAK1  PBD  and  analyzed  by  Western  blot  with  anti-Rac  and  anti-Cdc42  antibodies,  respectively. 
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Requirements  of  Rho/Rac/Cdc42  and  ERK for  ysynuclein-enhanced  cell  motility- 
As  described  above,  over-expression  of  y-synuclein  also  leads  to  enhanced  activation  of  ERK.  To 
determine  whether  and  to  what  extent  Rho/Rac/Cdc42  or  ERK  kinase  contribute  to  cell  motility  and 
invasiveness,  parental  cancer  cells  and  their  corresponding  y-synuclein  over-expressing  cells  were  treated 
with  specific  inhibitors.  When  treated  with  C.  difficile  toxin  B  which  can  inactivate  most,  if  not  all, 
members  of  the  Rho  family,  and  U0126,  an  inhibitor  of  ERK  activation,  the  cell  migration  in  both  parental 
and  y-synuclein  over-expressing  cells  were  almost  completely  blocked  (Fig.  7).  These  data  indicate  that 
both  Rho  and  ERK  pathways  are  involved  in  the  parental  basal  level  cell  migration  and  the  enhanced  cell 
migration  induced  by  y-synuclein. 


6000 
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•  M0A-MB435 
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Fig.  7.  Blockage  of  cell  migration  by  Rho  and 
ERK  inhibitors.  Parental  cells  or  y-synuclein 
over-expressing  cells  were  allowed  to  attah 
for  8hr  before  treated  with  C.  difficile  Toxin 
B  (0.5  ng/ml)  or  U0126  (10  pM)  before 
analysis  of  migrated  cells  at  52hr. 
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Down-regulation  ofJNK  activation  by  y-synuclein  in  response  to  UV  -  JNK  is  activated  by  stress  signals 
including  UV  which  leads  to  mitochondria  mediated  apoptosis  (57).  The  basal  level  of  JNK  activity  in 
A2780  and  OVCAR5  ovarian  cancer  cells  is  very  low  in  untreated  cells  whether  y-synuclein  was  over- 


expressed  or  not  (Fig.  8).  JNK  was 
highly  activated  in  the  parental  cells 
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Fig.  8.  Inhibition  of  JNK  activation  by  y-synuclein  in  response 
to  UV  treatment.  A2780,  A2780/gam,  A2780/beta,  OVCAR5, 
OVCAR5/gam  cells  were  un-treated  or  treated  with  UV  (20 
J/M2)  and  cells  were  lysed  at  30  min.  JNK  activities  were 
analyzed  by  an  immunocomplex  kinase  assay  using  GST-c- 
JUN  as  substrate.  The  phosphorylated  GST-c-JUN  by  activated 
JNK  was  evaluated  by  immunoblotting  with  anti-phospho-c- 
JUN  specific  antibody.  The  protein  levels  of  JNK  and  y- 
synuclein  were  determined  by  immunoblotting  with  anti-JNK 
and  y-2  antibody,  respectively.  The  number  beneath  each  band 
represents  the  arbitrary  densitometry  units  of  the  corresponding 
band.  The  blots  shown  here  are  representative  of  three 
independent  experiments  with  comparable  results.  JNK 
activities  were  measured  by  levels  of  phosphorylated  c-JUN 
and  normalized  to  levels  of  total  JNK  proteins.  The  graph 
above  the  blots  is  the  average  ±  S.E.  of  three  independent 
experiments.  (*)  Represents  significant  inhibition  of  JNK 
activation  compared  to  that  in  the  parental  cells  (p  <  0.05). 
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when  treated  with  UV  (Fig.  8).  In  cells  over-expressing  y-synuclein,  the  activation  of  JNK  was  almost 
completely  blocked  in  A2780/gam  cells  (p  <  0.05)  and  was  down-regulated  by  approximately  50%  in 
OVCAR5/gam  cells  when  treated  with  UV  (Fig.  8)  or  heat-shock  (data  not  shown).  The  blockage  of  JNK 
activation  by  UV  appears  to  be  y-synuclein  specific  since  over-expression  of  a-  and  (3-synucleins 
appeared  to  have  little  or  no  effect  on  the  activation  of  JNK  by  UV  (Fig.  8,  and  data  not  shown).  The 
inhibition  of  JNK  activation  in  OVCAR5/gam  cells  is  much  less  than  that  in  A2780/gam  cells.  The  cause 
of  this  difference  could  either  be  cell-type  specific,  or  it  could  be  the  high  endogenous  y-synuclein 
expression  in  OVCAR5  cells.  Collectively,  these  data  indicate  that  stress-induced  activation  of  JNK  can 
be  blocked  by  y-synuclein  over-expression  in  a  variety  of  cell  lines. 

y-Synuclein  may  protect  paclitaxel  (Taxol)  induced  cell  death  by  regulating  JNK  and  ERK  activities  - 
Based  on  the  data  presented  above,  we  hypothesized  that  y-synuclein  may  contribute  to  cancer  cell 
survival  by  up-regulating  the  ERK  cell  survival  pathway  and  by  suppressing  the  JNK  apoptosis  pathway 
under  adverse  conditions.  However,  when  we  treated  y-synuclein  over-expressing  cells  with  UV, 
significant  differences  in  cell  survival  between  A2780  and  A2780/gam  cells  were  not  observed  (data  not 
shown).  The  reason  for  this  lack  of  difference  is  not  readily  apparent.  However,  cell  survival  and  cell 
death  are  regulated  by  the  counter-balance  between  the  survival  factors  and  the  apoptotic  signaling 
pathways.  Since  UV  treatment  also  activates  the  cell  survival  pathways  ERK  [(58),  and  data  not  shown] 
and  PI3K-AKT  (59,60),  the  initiation  of  the  mitochondria  associated  caspase  pathway  may  be  blocked  by 
the  activation  of  ERK  or  AKT  in  A2780  cells.  In  support  of  these  findings  we  did  not  observe  the 
cleavage  of  the  caspase-3  substrate  PARP  in  A2780  cells  when  treated  with  UV  (data  not  shown). 


We  next  evaluated  the  survival  of  y-synuclein  over-expressing  cells  in  response  to  Taxol,  a  commonly 
used  chemotherapeutic  drug.  In  addition  to  its  role  in  affecting  microtubule  assembly,  Taxol  is  known  to 
lead  to  apoptosis  via  the  mitochondria  by  activating  the  JNK  signaling  pathway  and  Taxol-induced 
apoptosis  can  be  enhanced  by  MEK  inhibition  (61-64).  In  A2780  cells,  Taxol  did  not  affect  the  basal 
level  activity  of  ERK  or  the  activation  of  ERK  by  y-synuclein  (Fig.  9A).  To  test  the  effect  of  y-synuclein 
on  cell  survival,  cells  were  treated  with  Taxol  for  varying  lengths  of  time.  At  48hr  after  treatment,  45- 
60%  of  A2780  cells  had  died,  while  only  7-15%  of  A2780/gam  cells  were  dead  indicating  that  Taxol 
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Fig.  9.  y-Synuclein  protects  cells  from  paclitaxel  (Taxol)  induced 
cell  death  and  is  partially  mediated  by  ERK  activation.  A,  Taxol 
does  not  affect  ERK  activity  or  y-synuclein  mediated  ERK 
activation.  A2780  or  A2780/gam  cells  pre-treated  with  or  without 
U0126  (10  pM)  were  treated  with  Taxol  (30  pM)  in  the  absence  or 
presence  of  U0126  for  30  min.  Whole  cell  lysate  were  separated  by 
SDS-PAGE  and  blotted  with  phospho-ERK  to  determine  the  level 
of  active  ERK,  or  with  ERK  1/2  antibodies  for  the  level  of  total 
ERK  1/2.  The  number  beneath  each  band  represents  the  arbitrary 
densitometry  units  of  the  corresponding  band.  The  blots  shown  here 
are  representative  of  three  independent  experiments  with 
comparable  results.  B,  cell  death  induced  by  Taxol  was 
significantly  reduced  in  cells  over-expressing  y-synuclein.  A2780 
and  A2780/gam  cells  treated  with  Taxol  for  48hr  in  the  presence  or 
absence  of  the  MEK  1/2  inhibitor,  U0126.  Cell  death  was 
determined  by  trypan  blue  staining  (shown)  and  WST-1  assays  (not 
shown).  The  graph  represents  the  average  ±  S.E.  of  three 
independent  experiments.  (*)  Represents  significant  difference  in 
cell  death  between  A2780  and  A2780/gam  cells  (p  <  0.05). 


9B).  When  ERK  activation  was  inhibited  using  the  MEK1/2  inhibitor  U0126,  the  cell  death  was  reduced 
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by  -25%  in  A2780  cells  but  was  nearly  doubled  in  A2780/gam  cells  (Fig.  9B).  These  data  suggest  that 
enhanced  cell  survival  in  y-synuclein  over-expressing  cells  is  partially  mediated  by  activation  of  ERK. 


To  determine  whether  the  protective  role  of  y-synuclein  on  cell  survival  is  also  mediated  through  down¬ 
regulating  JNK  associated  apoptotic  pathway(s),  caspase-3  activity  was  monitored  at  different  time  points 
after  Taxol  treatment.  Consistent  with  the  data  in  other  ovarian  and  breast  cancer  cell  lines  (61,63),  JNK 
was  activated  in  A2780  cells  when  treated  with  30  pM  Taxol.  The  caspase-3  substrate  PARP  was  found 
cleaved  in  cells  treated  with  Taxol  (data  not  shown).  In  A2780/gam  cells,  the  activity  of  JNK  was 
significantly  inhibited  following  treatment  with  Taxol  (p  <  0.05)  (Fig.  10A).  In  the  parental  A2780  cells, 
caspase-3  was  highly  activated  following  drug  treatment.  By  contrast,  the  activation  of  caspase-3  by 
Taxol  treatment  was  significantly  reduced  in  y-synuclein  over-expressing  ovarian  cancer  cells  (p  <  0.05) 
(Fig.  10B).  These  data  indicate  that  Taxol  activated  JNK  mediated  caspase  apoptotic  pathway  was 
significantly  attenuated  in  cells  over-expressing  y-synuclein.  Taken  together,  our  results  indicate  that  the 

cell  death  in  ovarian  cancer  cells  induced  by  Taxol  may 
A  c  be  protected  by  y-synuclein  and  that  this  may  be 

2  mediated  by  regulating  the  JNK  and  ERK  signaling 

pathways. 
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Fig.  10.  Taxol  activated  JNK  and  caspase-3  apoptotic  pathway  is  blocked  by  y-synuclein.  A,  down- 
regulation  of  JNK  activation  by  Taxol  in  cells  over-expressing  y-synuclein.  Cell  lysates  from  A2780  and 
A2780/gam  cells  treated  with  or  without  Taxol  (30  pM)  for  60  min  were  assayed  for  JNK  activity  (see  the  legend 
for  Fig.  8  for  experimental  details).  The  number  beneath  each  band  represents  the  arbitrary  densitometry  units  of 
the  corresponding  band.  The  blots  shown  here  are  representative  of  three  independent  experiments  with 
comparable  results.  JNK  activities  were  measured  by  levels  of  phosphorylated  c-JUN  and  normalized  to  levels  of 
total  JNK  proteins.  The  graph  above  the  blots  is  the  average  ±  S.E.  of  three  independent  experiments.  B,  down- 
regulation  of  caspase-3  activity  activated  by  Taxol  in  A2780/gam  cells.  A2780  and  A2780/gam  cells  treated 
with  Taxol  (30  pM)  for  different  time  lengths  were  lysed,  and  approximately  20  pg  protein  were  incubated  with 
the  caspase-3  substrate  Ac-DEVD-pNA  for  4hr  at  37°C.  Cleavage  of  the  substrate  to  release  pNA  was  monitored 
at  405  nm  using  a  microplate  reader.  The  graph  represents  the  average  ±  S.E.  of  three  independent  experiments. 
In  panels  A  and  B,  (*)  represents  significant  difference  compared  to  that  in  the  parental  cells  (p  <  0.05). 
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y-Synuclein  over-expression  leads  to  protection  from  vinblastine  but  not  etoposide  induced  cell  death  — 
To  demonstrate  whether  the  effects  of  y-synuclein  on  cell  survival  were  specific  to  Taxol  or  were  a 
general  mechanism  of  drug  resistance,  we  evaluated  two  additional  chemotherapeutic  agents,  i.e., 
vinblastine  and  etoposide.  Both  Taxol  and  vinblastine  are  microtubule-interfering  agents;  Taxol  binds  to 
microtubule  polymers  while  vinblastine  binds  to  monomers  and  dimers.  When  treated  with  vinblastine 
(either  0.1,  1.0,  or  10  pM  for  30  hr),  cell  death  in  A2780/gam  cells  was  significantly  lower  (p  <  0.05  for 
all  the  three  concentrations  tested)  as  compared  to  the  parental  cells  (Fig.  11A).  Consistent  with  other 
studies  using  a  variety  of  tumor  cell  lines  (63-67),  vinblastine  strongly  activate  JNK  in  A2780  cells. 
However,  this  activation  of  JNK  by  vinblastine  was  significantly  inhibited  by  y-synuclein  over-expression 
(Fig.  11B).  Furthermore,  we  observe  that  treatment  with  vinblastine  results  in  a  two-fold  increase  in 
phosphorylated  ERK1/2  in  A2780  cells.  This  enhancement  in  activated  ERK  levels  was  not  observed  in 
the  A2780/gam  cells  (Fig.  11B).  Unlike  our  results  for  Taxol,  inhibition  of  ERK  phosphorylation  by 
U0126  did  not  significantly  affect  the  cell  death  in  the  parental  cells  or  A2780/gam  cells  (Fig.  11A  &  C). 


These  data  indicate  that  suppression  of 
vinblastine-induced  cell  death  by  y-synuclein  may 
be  mediated  by  inhibition  of  JNK  activation. 
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Fig.  11.  Vinblastine  induced  cell  death  and 
activation  of  the  MARK  pathways  in  y-synuclein 
over-expressing  cells.  A,  the  cell  death  induced  by 
vinblastine  was  significantly  reduced  in  cells  over¬ 
expressing  y-synuclein.  A2780  and  A2780/gam  cells 
treated  with  vinblastine  (0.1,  1,  or  10  pM)  for  30  hr  in 
the  presence  or  absence  of  the  MEK1/2  inhibitor, 
U0126.  Cell  death  was  determined  by  trypan  blue 
staining.  The  graph  represents  the  average  ±  S.E.  of 
three  independent  experiments.  (*)  Represents 
significant  difference  in  cell  death  between  A2780  and 
A2780/gam  cells  (p  <  0.05).  B,  inhibition  of  JNK 
activation  by  y-synuclein  in  response  to  vinblastine 
treatment.  A2780  and  A2780/gam  cells  were  un¬ 
treated  or  treated  with  vinblastine  (lpM,  and  lOpM)  for 
30  min  and  60  min  before  lysis  for  JNK  activity  assay. 
JNK  activities  were  analyzed  as  described  in  the  legend 
for  Fig.  5.  The  number  beneath  each  band  represents 
the  arbitrary  densitometry  units  of  the  corresponding 
band.  The  blots  shown  here  are  representative  of  three 
independent  experiments  with  comparable  results.  C, 
the  effect  of  vinblastine  on  ERK  phosphorylation. 
A2780  or  A2780/gam  cells  pre-treated  with  or  without 
U0126  were  treated  with  vinblastine  (1  pM  and  10  pM) 
in  the  absence  or  presence  of  U0126  (10  pM)  for  30 
min.  Whole  cell  lysates  were  separated  by  SDS-PAGE 
and  blotted  with  phospho-ERK  to  determine  the  level 
of  active  ERK,  or  with  ERK  1/2  antibodies  for  the  level 
of  total  ERK1/2.  The  number  beneath  each  band 
represents  the  arbitrary  densitometry  units  of  the 
corresponding  band.  The  blots  shown  are 
representative  of  three  independent  experiments  with 
comparable  results. 


We  also  evaluated  etoposide,  a  DNA  damage  agent  that  has  also  been  shown  to  induce  JNK  activation  in 
some  cell  lines  (66-69).  When  treated  with  1,  10,  or  100  pM  of  etoposide  for  56  hrs,  there  was  no 
significant  difference  in  cell  survival  between  A2780  and  A2780/gam  cells  (Fig.  12A).  As  might  be 
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predicted,  JNK  was  not  activated  in  response  to  etoposide  treatment  (Fig.  12B).  Furthermore,  etoposide 
treatment  did  not  result  in  ERK  activation  in  A2780  cells.  However,  surprisingly  the  constitutive 
phosphorylated  ERK  levels  observed  in  A27 80/gam  cells  were  significantly  down-regulated  within  30 
min  of  treatment  with  10  or  100  pM  of  etoposide  (Fig.  12C).  In  the  presence  of  the  MEK  inhibitor 
U0126,  cell  death  induced  by  etoposide  was  reduced  in  both  the  parental  and  y-synuclein  over-expression 
cells,  but  statistical  analysis  indicated  these 


differences  were  not  statistically  significant. 
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Fig.  12.  Effects  of  y-synuclein  over-expression  on 
etoposide  induced  cell  death  and  activation  of  the  MAPK 
pathways.  A,  cell  death  induced  by  etoposide  was  not 
significantly  altered  in  cells  that  over-express  y-synuclein. 
A2780  and  A2780/gam  cells  treated  with  etoposide  (1  pM, 
10  pM,  100  pM)  for  56  hr  in  the  presence  or  absence  of  the 
MEK1/2  inhibitor,  U0126.  Cell  death  was  determined  by 
trypan  blue  staining.  The  graph  represents  the  average  ± 
S.E.  of  three  independent  experiments.  B,  vinblastine 
treatment  does  not  induce  JNK  activation.  A2780  and 
A2780/gam  cells  treated  with  or  without  etoposide  (10  pM, 
and  100  pM)  for  30  min  and/or  60  min  before  lysis  for  JNK 
activity  assay.  JNK  activities  were  analyzed  as  described  in 
Fig.  5.  The  number  beneath  each  band  represents  the 
arbitrary  densitometry  units  of  the  corresponding  band.  The 
blots  shown  here  are  representative  of  three  independent 
experiments  with  comparable  results.  C,  effect  of  etoposide 
on  ERK  phosphorylation.  A2780  or  A2780/gam  cells  pre¬ 
treated  with  or  without  U0126  were  treated  with  etoposide 
(10  pM  and  100  pM)  in  the  absence  or  presence  of  U0126 
(10  pM)  for  30  min.  Whole  cell  lysate  were  separated  by 
SDS-PAGE  and  blotted  with  phospho-ERK  to  determine  the 
level  of  active  ERK,  or  with  ERK1/2  antibodies  for  the  level 
of  total  ERK  1/2.  The  number  beneath  each  band  represents 
the  arbitrary  densitometry  units  of  the  corresponding  band. 
The  blots  shown  here  are  representative  of  three 
independent  experiments  with  comparable  results. 


Summary.  Based  on  the  data  we  presented  above,  we  proposed  the  following  model  (Fig.  13)  that  y- 
synuclein  may  enhance  cell  migration  and  metastasis,  promote  cell  survival  and  inhibit  apoptosis  in  tumor 

progression  by  modulating  Rho  and  MAPK 
pathways. 


(Survival^ 


Figure  13.  Diagram  illustrating  the  effects  of  y- 
synuclein  on  relevant  signaling  transduction 
pathways  and  their  effects  on  metastasis,  cell 
survival  and  apoptosis. 
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B-v-Polymorphisms  of  Human  UGT1A6  and  UGT1A9  Genes  and  Functional  Differences  of  the 
Variant  Gene  Products. 

Trainee:  Jeffrey  Zalatoris,  Ph.D. 

Mentor:  Rebecca  Raftogianis,  Ph.D. 


Introduction 

Pharmacogenetic  studies  test  the  hypothesis  that  genetic  variability  of  drug  metabolizing  enzymes  is  a 
contributing  factor  to  variation  in  responses  to  drugs.  UDP-glucuronosyltransferase  (UGTs)  enzymes  are 
phase  II  drug  metabolizing  enzymes  that  detoxify  endogenous  and  exogenous  molecules,  allowing  for 
more  rapid  elimination  of  the  conjugates  from  the  body.  Selective  estrogen  receptor  modulators  (SERMs) 
can  be  biologically  inactivated  by  glucuronidation,  and  reports  suggest  that  glucuronidation  is  a  method  of 
tamoxifen  and  raloxifene  detoxification  (70,71).  I  have  hypothesized  that  genetic  variation  in  the  phenol 
glucuroni dating  enzymes  UGT1A6  and  UGT1A9  may  predispose  individuals  to  altered  response  to 
antiestrogens  or  increased  risk  of  estrogen-dependent  breast  cancer.  I  have  identified  that  UGT1A6  and 
UGT1A9  can,  in  fact,  glucuronidate  4-hydroxytamoxifen,  and  I  have  identified  that  four  UGT  isoforms 
(1A1,  1A7,  1A8,  and  1A9)  can  glucuronidate  raloxifene.  I  have  identified  four  UGT1A6  alleles  arising 
from  three  common  single-nucleotide  polymorphisms  (SNPs)  that  encode  amino  acid  changes.  I  have 
genotyped  healthy,  ethnically  defined  populations  for  these  common  genetic  polymorphisms  of  UGT1 A6. 
I  have  correlated  UGT1A6  genotype  with  the  level  of  UGT  biochemical  activity  in  a  population  of  human 
liver  samples.  Subsequently,  I  will  biochemically  characterize  those  variants  using  recombinant  wild-type 
and  variant  UGT1A6  enzymes.  Also,  I  have  identified  genetic  polymorphisms  in  proximal,  non-coding 
sequences  near  the  human  UGT1A9  gene.  Finally,  I  will  analyze  the  functional  significance  of  UGT1A6 
polymorphisms  and  UGT1A9  in  a  cell  model  system  to  determine  the  differential  effects  of  UGT 
allozymes  on  the  proliferation  of  the  estrogen-dependent  cells  in  the  presence  of  estrogens  and 
antiestrogens.  These  studies  are  designed  to  test  the  hypothesis  that  common  genetic  polymorphisms  in 
UGT1A6  and  UGT1A9  result  in  functional  variability  at  the  molecular  level.  In  addition,  I  hypothesize 
that  the  molecular  phenotypic  variability  may  have  clinical  significance,  and  these  genes  may  be 
important  biological  markers  for  human  response  to  estrogens  and  antiestrogens. 

Body 

a-Glucuronide  inactivation  of  4-hydroxytamoxifen  and  raloxifene. 

Commercially  available  UGT-containing  microsomes  were  analyzed  for  the  capacity  to  glucuronidate  the 
selective  estrogen  receptor  modulators  (SERMs)  4-  hydroxytamoxifen  and  raloxifene  using  a 
radiochemical  assay  designed  to  separate  glucuronidated  products  from  the  starting  substrates  by  thin- 
layer  chromatography.  The  enzymes  UGT1A6  and  UGT1A9  could  glucuronidate  4-hydroxytamoxifen 
(Figure  1),  and  the  enzymes  UGT1A1,  UGT1A7,  UGT1A8,  and  UGT1A9  could  glucuronidate  raloxifene 
(Figure  2).  The  glucuronidation  of  raloxifene  by  UGT1A1  appeared  to  only  be  able  to  conjugate  one  of 
the  two  phenolic  moieties,  while  the  other  three  UGT1A  isoforms  can  glucuronidate  both  of  the  phenolic 
positions.  Enzymes  UGT1A3,  UGT1A4,  UGT1A10,  UGT2B7,  and  UGT2B15  did  not  yield  detectable 
products  of  either  SERM. 

b-Identification  ofUGTlA6  genetic  variants. 

In  a  population  of  35  healthy  Caucasians,  complete  sequencing  of  the  coding  region  of  the  UGT1A6  first 
exon  was  conducted  to  identify  genetic  variants.  The  first  exon  was  solely  examined  because  this  exon, 
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which  contains  more  than  half  of  the  coding  region  for  UGT1A6,  is  unique  to  UGT1A6,  whereas  the 
second  through  fifth  exons  of  all  human  UGT1A  genes  are  shared,  and  therefore  are  not  specific  for 
UGT1A6  enzyme  variation.  Single  nucleotide  polymorphisms  (SNPs)  were  detected  at  UGT1A6 
nucleotide  positions  19,  315,  541,  and  552,  and  the  variants  at  positions  19,  541  and  552  are  non- 
synonymous,  resulting  in  the  following  amino  acid  changes  to  the  enzyme:  S7A,  T181A,  and  R184S 
(Table  1).  Within  this  population,  these  SNPs  were  found  in  four  combinations  as  specific  genotypes 
(Table  1).  A  PCR-RFLP  genotyping  assay  was  developed  to  rapidly  characterize  the  UGT1A6  genotype 
in  larger  populations.  Among  115  healthy  Caucasians,  the  four  different  UGT1A6  alleles  were  identified 
in  62%,  27%,  5%  and  5%  of  this  population,  and  the  population  genotype  data  conformed  to  Hardy- 
Weinberg  Equilibrium  (Table  2)  (72).  Among  74  healthy  African-American  blood  donors,  the  four 
UGT1A6  alleles  were  detected  in  61%,  24%,  10%,  and  5%  of  the  population,  and  these  data  also 
conformed  to  Hardy-Weinberg  Equilibrium. 

c-Correlation  of  UGT1A6  genotype  and  function  in  liver  tissues. 

To  test  the  initial  hypothesis  that  genotype  variation  leads  to  phenotypic  differences  of  UGT1A6,  archived 
human  liver  tissue  samples  collected  from  surgical  liver  resections  performed  at  the  Fox  Chase  Cancer 
Center  were  obtained  from  the  Fox  Chase  Cancer  Center  Tumor  Bank  and  studied  with  IRB  approval. 
From  tissue  homogenates,  DNA  was  isolated  to  genotype  the  UGT1A6  gene,  and  microsomes  containing 
UGT1A6  protein  were  isolated  for  functional  characterization.  These  samples  included  61  tumor  tissues 
and  13  adjacent  normal  tissues.  All  tissues  were  genotyped  for  UGT1A6  and  stratified  as  “normal”  or 
“tumor”  (Table  3).  Distribution  of  alleles  within  the  tumor  population  also  adhered  to  Hardy-Weinberg 
Equilibrium  (72). 

Functional  assays  were  developed  to  study  the  glucuronidation  rate  of  UGT1A6  toward  the  highly 
specific  substrate  a-naphthol  and  the  modestly  specific  substrate  p-nitrophenol.  The  assays  were 
developed  to  detect  the  spectral  absorbance  change  upon  glucuronide  conjugation  of  the  substrates.  The 
glucuronidation  rates  for  the  two  substrates  were  measured  for  all  isolated  microsomes  containing 
UGT1A6.  Table  4  and  Figure  3  show  the  UGT1A6  glucuronidation  rates  as  the  mean  value  +/-  error  for 
the  different  genotyped  tissues.  ANOVA  followed  by  Tukey’s  test  were  used  to  identify  significant 
differences  in  the  mean  rate  of  glucuronidation.  A  significant  difference  in  glucuronidation  rates  for  both 
substrates  was  found  for  the  UGTlA6*2/*2  genotyped  microsomes  than  for  the  UGT1A6*1/*1,  *l/*2, 
and  *l/*3  genotyped  microsomes  (p  <  0.05,  p  <  0.01,  p  <  0.05,  respectively). 

d-Correlation  ofUGTlA6  genotypes  with  level  of  expressed  protein. 

Using  the  same  microsomal  preparations  isolated  from  human  liver  tissues,  Western  blots  were  performed 
on  50  \ig  total  protein.  Membranes  were  probed  with  an  anti-UGTlA6  antibody  (1:5000,  Gentest)  and  an 
HRP-conjugated  secondary  antibody.  Densitometry  of  the  scanned  film  images  was  used  to  quantify  the 
data.  The  results  clearly  indicated  variations  in  the  level  of  protein,  and  there  was  a  positive  correlation 
between  the  level  of  immunoreactive  protein  and  the  glucuronidation  activity  toward  p-nitrophenol  for 
tissues  of  *1/*1  (n  =  16)  and  *l/*2  (n  =  28)  genotypes  (r2  =  0.510,  p  <  0.01  and  r2  =  0.571,  p  <  0.001) 
(Figure  4).  While  the  level  of  immunoreactive  protein  varied  by  85-fold,  average  values  for  tissues 
expressing  the  different  genotypes  were  not  significantly  different.  These  differences  could  not 
completely  account  for  the  differences  in  glucuronidating  activity  by  genotype,  though  the  level  of 
expressed  UGT1A6  protein  may  have  some  role  in  the  rate  of  glucuronidating  activity. 

e-Genetic  polymorphisms  detected  near  UGT1A9  first  exon. 
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Direct  DNA  sequencing  of  the  UGT1A9  first  exon  from  48  individuals  was  performed  ranging  from  273 
nucleotides  5’  of  the  start  codon  to  337  nucleotides  into  the  first  intron.  Three  SNPs  were  identified  in  the 
intron  sequence  at  nucleotides  152,  219,  and  313  from  the  exon/intron  boundary.  One  variable  T  repeat 
(T9.10)  was  identified  in  a  putative  TATA  element  (beginning  at  -1 18  nucleotides  5’  of  the  start  codon)(4), 
and  an  uncommon  SNP  (G/A)  was  identified  at  nucleotide  -87,  one  of  two  putative  mRNA  cap  sites  (73). 
No  coding  region  polymorphisms  were  detected  in  this  screen.  Comparing  the  various  polymorphisms 
together,  there  are  at  least  8  different  alleles  with  no  polymorphisms  found  in  the  coding  region  (Table  5). 
The  nucleotide  variations  to  the  proximal  UGT1A9  first  exon  may  have  a  role  in  genetic  transcription  or 
mRNA  stability,  which  may  be  addressed  in  future  studies.  Even  in  the  absence  of  functionally  significant 
genetic  variations  to  UGT1A9,  the  function  of  UGT1A9  may  need  to  be  more  thoroughly  examined  not 
only  because  it  is  the  only  UGT  identified  that  glucuronidates  both  4-hydroxytamoxifen  and  raloxifene 
(Figures  1  and  2),  but  UGT1A9  has  also  been  identified  in  human  breast  tissue  (74),  making  it  a  candidate 
for  drug  metabolism  at  breast  tissue  as  well  as  in  other  metabolic  tissues. 

f-Recombinant  enzyme  expression. 

Recombinant  proteins  will  be  examined  to  further  test  the  hypothesis  that  the  genotypes  result  in 
functionally  different  phenotypes  for  UGT1A6.  The  pBlueBac/UGTlA6  vector  construct,  containing  the 
UGT1A6*!  allele,  was  kindly  provided  by  Dr.  R.  Tukey  (University  of  California  -  San  Diego).  The  gene 
was  sub-cloned  into  a  histidine-tagged  baculoviral  expression  vector,  pBlueBacHis2A.  Site-directed 
mutagenesis  was  performed  on  the  gene  to  generate  the  other  three  haplotypes  of  the  UGT1A6  gene  in  the 
same  vector,  and  these  UGT1A6  constructs  contained  no  spurious  mutations  as  detected  by  complete 
DNA  sequencing.  Repeated  attempts  at  overexpression  of  the  UGT1A6  variants  in  insect  cells  were 
unsuccessful.  Each  of  the  four  UGT1A6  variants  was  sub-cloned  into  the  vector  pcDNA3.1+zeo.  For  each 
of  the  four  cDNA  alleles  of  UGT1A6,  genes  have  been  stably  transfected  with  the 
pcDNA3.1+zeo/UGTlA6  variant  constructs  into  HEK293  mammalian  cells,  which  lack  endogenous 
UGTs.  Specific  activities  of  these  expressed  allozymes  toward  prototypic  UGT1A6  substrates  a-naphthol 
and  p-nitrophenol  as  well  as  OHT  will  be  characterized. 


1  2345678  9 


Figure  1.  Glucuronidation  of  4-hydroxytamoxifen  (OHT)  was  measured  by  detecting  the  14-C  labeled  reaction 
product  4-hydroxytamoxifen  glucuronide  (OHT-glc)  from  thin-layer  chromatography  on  a  silica  gel  plate. 
Images  were  detected  by  phosphorimager.  Microsomes  containing  UGT1A6  and  UGT1A9  glucuronidated  OHT. 
Arrow  indicates  where  bands  of  OHT-glucuronide  have  migrated  on  the  plate.  Lanes  are:  1.  UGT1A6  control 
(no  OHT),  2-4.  UGT1A6,  5-6.  UGTIA9  control  (no  OHT),  and  7-9.  UGTIA9. 
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Figure  2.  Glucuronidation  of  raloxifene  (RAL)  was  measured  by  detecting  the  14-C  labeled  reaction  products  from  thin- 
layer  chromatography.  Upper  bands  represent  the  migration  of  the  14-C  raloxifene-glucuronide  (a  single  band  for 
UGT1A1,  and  two  bands  for  UGT1A7,  1A8,  and  1A9).  The  lower  bands  represent  the  unincorporated  cosubstrate  14-C 
UDPGA.  Microsomes  containing  UGT1A1,  UGT1A7,  UGT1A8  and  UGT1A9  glucuronidated  RAL  No  products  were 
detected  with  microsomes  containing  UGT1A3,  UGT1A4,  UGT1A6,  UGT1A10,  UGT2B7,  and  UGT2B15  (not  shown). 


Table  1.  Common  nucleotide  and  amino  acid  variations  of  the  UGT1A6  gene 


Nucleotide  (Amino  Acid) 

Allele 

(Number) 

Frequencies 

Allele 

19 

(7) 

315  (105) 

541  (181) 

552 

(184) 

Caucasian 

African- 

American 

*1 

T 

(Ser) 

A  (Leu) 

A 

(Thr) 

A 

(Arg) 

0.617  (142) 

0.608  (90) 

*2 

G 

(Ala) 

G  (Leu) 

G 

(Ala) 

C 

(Ser) 

0.274  (63) 

0.243  (36) 

*3 

G 

(Ala) 

A  (Leu) 

A 

(Thr) 

A 

(Arg) 

0.057  (13) 

0.10  (15) 

*4 

G 

(Ala) 

G  (Leu) 

A 

(Thr) 

C 

(Ser) 

0.052  (12) 

0.047  (7) 

Allele  frequencies  were  determined  by  either  DNA  sequencing  or  application  of  the  PCR-RFLP  assay  in  a 
total  of  115  healthy  Caucasian  and  74  healthy  African-American  subjects. 
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Table  2.  UGT1A6  Genotype  Frequencies  in  Healthy  Caucasian  Population 
(n=  115)  Follow  Hardy-Weinberg  Equilibrium _ 


Genotype 

Observed 

Predicted 

# 

Frequency 

# 

Frequency 

*1/*1 

46 

0.400 

44 

0.380 

*l/*2 

37 

0.320 

39 

0.340 

*l/*3 

6 

0.052 

8 

0.070 

*l/*4 

7 

0.061 

7 

0.064 

* 21*2 

11 

0.096 

9 

0.075 

*21*3 

3 

0.026 

4 

0.031 

*2/*4 

1 

0.009 

3 

0.029 

*3/*4 

4 

0.035 

1 

0.006 

Allele  frequencies  shown  in  Table  1  were  used  to  calculate  predicted  values  for  Hardy-Weinberg 
Equilibrium.  The  Hardy-Weinberg  Distribution  program  HWDIAG  (31.0  was  used  to  calculate  the 
probability  that  these  data  fit  the  Hardy-Weinberg  Equilibrium  (3).  The  threshold  for  significant  variance 
from  Hardy-Weinberg  Equilibrium  was  chosen  as  0.05,  and  as  the  a*  value  (probability)  approaches  1, 
the  probability  becomes  greater  that  these  data  adhere  to  Hardy-Weinberg  Equilibrium.  These  data  had  a 
a*  value  of  0.08,  suggesting  that  the  genotype  frequencies  of  this  population  were  distributed  in 
accordance  with  Hardy-Weinberg  Equilibrium. 


Table  3.  UGT1A6  Genotype  Frequencies  for  Liver  Tumors 


Genotype 

Observed  (n=62) 

#  Frequency 

Predicted 

# 

Frequency 

*1/*1 

19 

0.306 

23 

0.376 

*l/*2 

35 

0.564 

26 

0.425 

*l/*3 

2 

0.032 

2 

0.039 

*jy*4 

1 

0.016 

1 

0.010 

*21*2 

3 

0.048 

7 

0.120 

*21*3 

2 

0.032 

1 

0.022 

*21*  A 

0 

0.000 

0 

0.006 

*3/*4 

0 

0.000 

0 

0.000 

Allele  frequencies  were  used  to  calculate  the  predicted  values  for  Hardy-Weinberg  Equilibrium.  Using 
HWDIAG  (31.0  (3),  these  data  had  a  a*  value  (probability)  of  0.11,  greater  than  the  threshold  for 
significant  variance  from  Hardy-Weinberg  Equilibrium  (0.05)  thus  implying  that  the  population 
distribution  of  these  genotypes  was  in  equilibrium. 


Table  4.  Glucuronidation  Rates  of  oc-Naphthol  and  p-Nitrophenol  by  UGT1A6  Genotype 


UGT1A6 

Genotype 

(#) 

Rate  of  a-Naphthol 
Glucuronidation 

Error  (+/-) 

Rate  of  p-Nitrophenol 
Glucuronidation 

Error  (+/-) 

*1/*1 

(22) 

14.1 

2.52 

4.58 

0.88 

*l/*2 

(42) 

9.30 

1.04 

2.38 

0.40 

*l/*3 

(2) 

1.18 

1.18 

0.39 

0.31 

*j/*4 

(1) 

13.1 

N/A 

0 

N/A 

*2/*2 

(4) 

28.0 

1.25 

9.60 

1.04 

*2/*3 

(3) 

17.4 

2.92 

8.85 

0.68 
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A.  a-Naphthol  B.  p-Nitrophenol 

4 


Microsome  Genotype  Microsome  Genotype 

Figure  3.  UGT1A6*2  homozygous  liver  microsomes  glucuronidate  simple  phenols  at  greater  rates  than  samples 
that  were  homozygous  for  UGT1A6*1  or  heterozygous  for  *l/*2  or  *l/*3.  Mean  glucuronidation  rates  of  a- 
naphthol  (A)  and  p-nitrophenol  (B)  were  determined  by  spectrophotometric  analyses.  The  number  of  liver 
microsomes  associated  with  each  genotype  are  listed  above  each  error  bar.  AN  OVA  followed  by  Tukey’s 
comparison  test  was  performed.  In  both  A  and  B,  each  of  the  asterisked  bars  represented  significantly  different 
mean  glucuronidation  rates  for  these  genotyped  samples  from  the  mean  rate  of  UGTlA6*2/*2  (*ref):  *1/*1, 
*l/*3,  and  *l/*2  (p  <  0.05,  p  <  0.05,  p  <  0.01,  respectively).  In  B,  the  mean  glucuronidation  rate  of  p-nitrophenol 
by  UGTlA6*l/*3  was  significantly  different  from  that  of  the  UGTlA6*2/*3  (p  <  0.05)($). 


0.00  0.25  0.50  0.75  1.00  1.25 

lm  mu  no  reactive  UGT1A6 
(Relative  Units) 


Figure  4.  Mean  glucuronidation  rate  correlates  with  level  of  expressed  protein  from  individual  human  liver 
tumor  tissues.  50  pg  of  microsomal  protein  were  separated  by  gel  electrophoresis.  Immunoblots  were 
probed  with  the  a-UGTlA6  primary  antibody  (Gentest).  For  each  gel,  three  concentrations  of  recombinant 
UGT1A6  standards  (1  relative  unit  =  1  pg)  were  also  evaluated  to  generate  a  standard  curve  for 
quantification  of  immunoreactive  UGT1A6.  UGT1A6*1/*1  (n  =  16,  r2  =  0.510)  and  UGTlA6*l/*2  (n  =  28,  r2 
=  0.571)  showed  positive  correlation  between  level  of  expressed  protein  and  glucuronidation  of  p- 
nitrophenol.  Inset  in  figure  is  an  expansion  of  the  area  nearest  the  origin. 
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Table  5.  Genetic  Polymorphisms  Identified  NearUGTlA9  First  Exon 


Genotypes 

Polymorphisms 

-118  dT 

-87 

1152 

1219 

1313 

NUMBER 

*1/*1 

10 

G 

G 

A 

C 

8 

*21*2 

9 

G 

A 

T 

A 

6 

*3/*3 

9 

G 

G 

T 

A 

3 

*21*2 

9 

G 

A/G 

T 

A 

6 

*l/*3 

9/10 

G 

G 

A/T 

A/C 

12 

*l/*2 

9/10 

G 

A/G 

A/T 

A/C 

4 

*l/*4 

10 

G 

G 

ATT 

C 

3 

*3/*5 

9 

G 

G 

A/T 

A/C 

2 

*21*6 

9/10 

G 

A 

A/T 

A/C 

1 

*l/*7 

10 

G 

G 

A/T 

A/C 

1 

*2/*8 

9 

A JG 

A/G 

T 

A 

1 

*l/*8 

9/10 

AJG 

G 

A/T 

A/C 

1 

Discussion 

UGT1A6  and  UGT1A9  have  been  identified  to  glucuronidate  4-hydroxytamoxifen,  and  UGT1A1,  1A7, 
1A8  and  1A9  glucuronidate  raloxifene.  Four  single  nucleotide  polymorphisms  in  human  UGT1A6  have 
been  shown  to  exist  in  four  combinations  (Table  1).  These  four  alleles  are  present  in  62%,  27%,  5%,  and 
5%  of  the  healthy  Caucasian  population  analyzed,  and  61%,  24%,  10%  and  5%  of  the  healthy  African- 
American  population.  Archived  liver  tissues  were  obtained  from  persons  who  had  undergone  surgical 
resection  for  liver  cancer.  These  samples  were  genotyped  and  rates  of  glucuronidation  for  two  substrates 
of  UGT1A6  were  measured.  ANOVA  indicated  significant  variations  in  the  glucuronidation  rates  for  the 
tissues  with  the  UGTlA6*2/*2  genotype  compared  to  those  tissues  with  the  *1/*1,  *l/*2  and  *l/*3 
genotypes.  Notably,  a  25-fold  difference  in  glucuronidation  rates  was  observed  between  liver  tissues 
expressing  UGTlA6*l/*3  versus  those  only  expressing  UGT1A6*2.  The  initial  hypothesis  that  genotype 
variation  would  result  in  functional  variants  was  supported  by  this  experiment.  These  analyses  will  be 
verified  by  studying  the  glucuronidation  rates  of  recombinantly  expressed  UGT1A6  allozymes.  Stable 
transfection  of  the  UGT1A6  variants  has  been  successful  in  expressing  functional  products  in  mammalian 
HEK293  cells.  One  possibility  exists  that  the  differences  in  protein  functional  turnover  were  directly 
related  to  the  level  of  expressed  UGT1A6  in  the  liver  tissues.  Therefore,  the  level  of  immunoreactive 
UGT1A6  enzyme  was  measured  in  the  liver  tissue  microsomes.  Tissues  expressing  the  more  common 
genotypes  exhibited  a  positive  correlation  between  the  glucuronidation  rate  and  level  of  protein.  However, 
the  level  of  UGTlA6*2/*2  tissues  did  not  correlate  with  activity,  suggesting  another  mechanism  for  the 
difference  in  glucuronidation  rate  (e.g.  kinetic  differences).  A  thorough  screening  for  genetic  variants  of 
the  UGT1A9  gene  identified  non-coding  region  polymorphisms.  Such  variants  may  alter  gene 
transcription  and  stability  of  mRNA.  The  examination  of  the  variant  genes  may  provide  critical  insight 
about  which  of  the  polymorphic  amino  acids  are  critical  for  phenotypic  differences  (UGT1A6)  and  which 
of  the  nucleotide  changes  might  alter  phenotypes  (UGT1A9)  in  vivo. 


29 


i  > 


RUSSO.  Jose 

C-  KEY  RESEARCH  ACCOMPLISHMENTS. 

C-i-  Study  of  the  functional  role  of  chromosomes  11, 13, 14  and  17  in  the  process  of  immortalization, 
transformation  and  tumorigenesis  of  human  breast  epithelial  cells,  by  Hasan  Lareef,  MD. 

a-The  chemical  carcinogen  benz  (a)  pyrene  induces  transformation  of  MCF10F  cells  as  evidenced 
by  anchorage  independence;  loss  of  ductulogenic  capacity  in  collagen  and  loss  of  activation  of  Fas 
mediated  apoptosis.  These  transformation  phenotypes  are  associated  with  LOH  in  chromosome  17pl3.1- 
13.2  regions  (D17S796). 

b-Transfer  of  chromosome  17  pl3. 1-13.2  (D17S796)  region  reverts  the  transformation  phenotypes 
as  well  as  Fas  mediated  apoptosis.  We  postulate  that  the  chromosome  17  (pl3. 1-13.2)  (Locus  D17S796) 
region  may  contain  gene/s  responsible  for  maintaining  ductulogenic  capacity  in  collagen,  colony 
formation  in  agar-methocel  and  controlling  programmed  cell  death  through  FAS  receptor/ligand  complex. 

c-Ras  oncogene  in  BP  transformed  cells(BPl-Tras)  turn  them  in  highly  tumorigenic  in  SCID 
mice.  This  phenotype  is  associated  with  LOH  in  several  loci  of  chromosome  13. 

d-Transfer  of  chromosome  13  to  BPl-Tras  cells  abrogates  the  tumorigenesis  in  SCID  mice. 

e-Transfer  of  chromosome  14  to  BP1  T  ras  cells  does  not  abrogate  the  tumorigenesis  in  SCID 

mice. 


C-ii.  Lymphedema  Prevention  in  Breast  Cancer  Survivors  (Project  1)  and  Knowledge  About  Genetic 
Risk  Assessment  and  Interest  in  Genetic  Risk  Assessment  for  Hereditary  Breast/Ovarian  Cancer 
Among  Inner  City  Women  ( Project  2),  by:  Kerry  Sherman,  Ph.D. 

a-Obtained  funding  through  a  DOD  Breast  Cancer  Idea  Award  (Co  P.I)  to  study  cognitive- 
affective  predictors  of  the  uptake  of,  and  sustained  adherence  to,  lymphedema  symptom  minimization 
practices  in  breast  cancer  survivors. 

b-Commenced  a  pilot  study  (N  =  4)  related  to  lymphedema  prevention  among  early  stage  breast 
cancer  survivors  to  determine  the  feasibility  of  the  study  questionnaire  and  to  determine  the  most 
appropriate  and  effective  recruitment  approach. 

c-Data  collection  for  the  study  entitled  “Knowledge  about  genetic  risk  assessment  and  interest  in 
genetic  risk  assessment  for  hereditary  breast/ovarian  cancer  among  inner  city  women”  is  ongoing  (N  = 
78).  Interim  analyses  have  been  conducted  on  these  data.  Specifically,  level  of  genetics  knowledge  was 
strikingly  low,  yet  interest  to  pursue  breast  cancer  risk  assessment  counseling/genetic  testing  was  high. 
Interest  in  risk  assessment  was  associated  with  increased  perceived  risk  for  ovarian  cancer,  increased 
perceived  control  over  ovarian  cancer,  and  enhanced  social  support.  In  addition,  greater  social  support 
was  associated  with  increased  interest  in  undergoing  genetic  testing. 

C-iii.  Roles  of  y-synuclein  in  breast  cancer  progression  and  metastasis,  by:  Zhong-Zong  Pan,  Ph.D. 

a-Overexpression  of  y-synuclein  leads  to  constitutive  activation  of  ERK  and  Rho/Rac/Cdc42  and 
down-regulation  of  JNK  activation  in  response  to  stress  signals  or  chemotherapy  drugs. 
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b-Overexpression  of  y-synuclein  induces  stress  fiber  formation  and  enhances  cell  migration.  Both 
the  basal  level  and  the  enhanced  cell  migration  require  the  activities  of  both  the  ERK  and  Rho/Rac/Cdc42 
kinases. 

c-Overexpression  of  y-synuclein  may  render  cancer  cells  resistant  to  Taxol  and  vinblastine  by 
modulating  ERK  cell  survival  pathway  and  JNK-mitochondria-Caspase  9/3  apoptotic  pathway. 

c-iv.  Polymorphisms  of  Human  UGT1A6  and  UGT1A9  Genes  and  Functional  Differences  of  the 
Variant  Gene  Products ,  by:  Jeffrey  Zalatoris,  Ph.D. 

a-Identification  of  specific  UGT  enzymes  that  can  catalyze  the  glucuronidation  and,  hence, 
inactivation  of  4-hydroxytamoxifen  (UGT1A6  and  UGT1A9)  and  raloxifene  (UGT1A1,  UGT1A7, 
UGT1A8,  and  UGT1A9). 

b  human  UGT1A6  haplotypes  were  identified  as  variant  combinations  of  4  single  nucleotide 
polymorphisms. 

c-Genotype  assay  (PCR-RFLP)  was  developed  for  rapid  screening  of  UGT1 A6  polymorphisms. 

d-Novel  a-naphthol  and  p-nitrophenol  glucuronidation  assays  were  developed  and  applied  to 
analyze  rates  of  glucuronidation  in  a  bank  of  human  liver  tissue. 

e-Discovery  that  UGT1A6  glucuronidation  was  significantly  greater  for  tissues  with 
UGTlA6*2/*2  genotype  than  tissues  genotyped  as  *1/*1,  *l/*2,  and  *l/*3  (p  <  0.05,  p  <  0.01,  p  <  0.05). 

f-Discovery  that  level  of  protein  positively  correlates  to  glucuronidation  rate  for  the  tissues 
genotyped  UGT1A6*1/*1  and  UGTlA6*l/*2,  but  not  for  UGTlA6*2/*2. 

g-HEK293  cells  were  stably  transfected  with  the  four  haplotypes  of  UGT1A6. 

D-REPORTABLE  OUTCOMES  (See  Appendix,  Exhibit  B): 

D-i-Study  of  the  functional  role  of  chromosomes  11, 13, 14  and  17  in  the  process  of  immortalization, 
transformation  and  tumorigenesis  of  human  breast  epithelial  cells,  by:  Hasan,  M.  Lareef, 
M.D. 


Abstracts 

1- Mello,  M.L.S.,  B.de  Campos  Vidal,  Lareef,  M.H.,  J.Russo.  Changes  in  chromatin  texture  in 

transformed  cells  as  assessed  by  molecular  biology  assays  and  image  analysis.  14th  international 
Congress  of  Cytology  May  27-31  Amsterdam-The  Netherland. 

2- Mohamed  H.  Lareef,  Irma  H.  Russo,  Fathima  S  Sheriff,  Jorge  Thomas,  Andrew  Cuthbert,  and  Jose 

Russo.  Transfer  of  chromosome  13  abrogates  the  expression  of  immortalization,  in  vitro 
phenotypes  and  tumorigenesis  in  human  breast  epithelial  cells.  Proc.  Am.  Assoc.  Cancer  Res. 
43:5-6, 2002. 
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3-Shawn  Straszewski,  Joon  Song,  Mohamed  Lareef.  Bozena  Hanczaruk,  Marijke  Kamsteeg,  Jose  Russo 
and  Gil  Mor.  The  regulation  of  FLIP  in  Human  Breast  Epithelial  Cells.  Journal  of  the  society  for 
Gynecologic  investigation  supplement.  49th  annual  meeting  Los  Angeles,  CA.  2002 


Publications 

1-Mello,  M.L.S.,  Lareef,  M.H.,  Vidal,  B.C.  and  Russo,  J.  RNA  relocation  at  mitosis  in  benz  (a)  pyrene 
transformed  human  breast  epithelial  cells  after  microcell  mediated  transfer  of  chromosomes  11 
and  17.  Analytical  Cellular  Pathology,  23:137-141, 2001. 

Manuscript  in  preparation 

1-M.H.  Lareef,  J.Song  Q.  Tahin,  I.H.  Russo,  G.Mor,  D.  Mihaila,  C.Slater,  A.  Cuthbert,  B.  Balsara,  J. 
Testa,  D.Broccoli,  J.V.Grobelny  and  J.  Russo.  Microcell  Mediated  chromosome  17  transfer  to 
chemically  transformed  Human  Breast  Epithelial  Cells  induces  Fas  mediated  apoptosis  and  reverts 
the  transformation  Phenotypes. 

D-ii-Lymphedema  Prevention  in  Breast  Cancer  Survivors  (Project  1)  and  Knowledge  About  Genetic 
Risk  Assessment  and  Interest  in  Genetic  Risk  Assessment  for  Hereditary  Breast/Ovarian  Cancer 
Among  Inner  City  Women  (Project  2),  by:  Kerry  Sherman,  Ph.D. 

Abstracts 

1 - Sherman,  K.,  Montrone,  M.,  Tyler,  J.,  Driscoll,  G.,  &  Miller,  S.M.  (2002)  The  23rd  International 

Conference  of  the  Stress  and  Anxiety  Research  Society.  Paper  on:  Coping  strategies,  monitoring 
attentional  style  and  infertility-related  distress  among  couples  undergoing  in-vitro  fertilization. 
Melbourne,  Australia,  July,  2002. 

2- Sherman,  K.A.,  Miller,  S.M.,  Rodoletz,  M.,  Driscoll,  J.,  Daly,  M.,  Godwin,  A.,  &  Babb,  J.  The  23rd 

Annual  Meeting  of  the  Society  of  Behavioral  Medicine.  Paper  on:  The  role  of  monitoring  and 
anticipated  BRCA1/2  carrier  status  on  family  communications  intentions  and  plans  among  women  with 
a  hereditary  pattern.  Washington,  DC,  April,  2002. 

3- Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  Stanton,  L.,  &  Babb,  J. 

(2002).  The  23rd  Annual  Meeting  of  the  Society  of  Behavioral  Medicine.  Poster  on:  Enhancing 
Adaptation  to  Prostate  Cancer  Risk  Feedback  and  Screening  Adherence.  Washington,  DC,  April, 
2002. 

4- Sherman,  K.,  Montrone,  M.,  Miller,  S.M.,  Tyler,  J.,  M.D.,  &  Driscoll,  G.  (2002)  The  23rd  Annual 

Meeting  of  the  Society  of  Behavioral  Medicine.  Poster  on:  Psychosocial  predictors  of  pregnancy 
outcome  among  couples  undergoing  In-Vitro  Fertilization.  Washington,  DC,  April,  2002. 

5- Miller,  S.M.,  Driscoll,  J.,  Rodoletz,  M.,  Sherman,  K.,  Buzaglo,  J.,  Daly,  M.,  Godwin,  K.,  &  Babb,  J. 

(2002)  The  26th  Annual  Meeting  of  the  American  Society  of  Preventive  Oncology.  Poster  on: 
Attentional  style  and  adjustment  to  participation  in  genetic  testing  for  inherited  breast  and  ovarian 
cancer  risk.  Bethesda,  MD,  March,  2002. 
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6-Miller,  S.M.,  Sherman,  K.,  Rodoletz,  M.,  Buzaglo,  J.,  Driscoll,  J.,  Daly,  M.,  Godwin,  A.,  &  Babb,  J. 
(2002)  The  26th  Annual  Meeting  of  the  American  Society  of  Preventive  Oncology.  Poster  on:  The  role 
of  monitoring  and  anticipated  BRCA1/2  carrier  status  on  family  communication  among  women  with  a 
hereditary  pattern.  Bethesda,  MD,  March,  2002. 


7- Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  &  Bruner,  D.  (2002)  The 

26th  Annual  Meeting  of  the  American  Society  of  Preventive  Oncology.  Poster  on:  Prostate  Cancer  Risk 
Assessment:  Enhancing  Participation  and  Adaptation.  Bethesda,  MD,  March,  2002. 

8- Miller,  S.M.,  Sherman,  K.,  Rodoletz,  M.,  Buzaglo,  J.,  Driscoll,  J.,  Daly,  M.,  Godwin,  A.,  &  Babb,  J. 

(2002)  The  60th  Annual  Meeting  of  the  American  Psychosomatic  Society.  Citation  poster  on:  The  role 
of  monitoring  and  anticipated  BRCA1/2  carrier  status  on  family  communication  intentions  and  plans 
among  women  with  a  hereditary  pattern  for  breast/ovarian  cancer.  Barcelona,  Spain,  March,  2002. 

9- Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  Stanton,  L.,  &  Babb,  J. 

(2002).  The  60th  Annual  Meeting  of  the  American  Psychosomatic  Society.  Poster  on:  Enhancing 
Adaptation  to  and  Participation  in  Prostate  Cancer  Risk  Programs.  Barcelona,  Spain,  March. 

10- Sherman,  K.,  Montrone,  M.,  Tyler,  J.,  Driscoll,  G.,  &  Miller,  S.M.  (2002).  The  60th  Annual  Meeting 
of  the  American  Psychosomatic  Society.  Press  release  Poster  on:  Coping  strategies  and  pregnancy 
outcome  among  couples  undergoing  In-Vitro  Fertilization.  Barcelona,  Spain,  March,  2002. 

11- Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  Stanton,  L.,  Bruner,  D.,  & 
Knowles,  J.C.  (2002).  The  2nd  Annual  Meeting  of  the  American  Academy  of  Health  Behavior.  Poster 
on:  Enhancing  Participation  in  and  Adaptation  to  Prostate  Cancer  Risk  Assessment  Programs  and 
Screening  Adherence.  Napa  Valley,  CA,  March,  2002. 

12- Sherman,  K.A.,  Montrone,  M.,  Tyler,  J.,  Driscoll,  G.,  Miller,  S.M.,  &  Knowles,  J.  (2002).  The  2nd  Annual 
Meeting  of  the  American  Academy  of  Health  Behavior.  Poster  on:  Psychosocial  predictors  of  pregnancy 
outcome  among  couples  undergoing  In-Vitro  Fertilization.  Napa  Valley,  CA,  March,  2002. 

Publications 

1- Miller,  S.M.,  Sherman,  K.A.,  Buzaglo,  J.S.,  &  Rodoletz,  M.  (2001).  Monitoring-Blunting  behavioral 

signatures  in  coping  with  health  threats:  The  example  of  cancer.  Psicologia  della  Salute,  3, 37-48. 

2- Sherman,  K.A.,  Miller,  S.M.,  &  Sheinfeld-Gorin,  S.  (Under  review).  Psychosocial  determinants  of 

participation  in  risk  counselling  programs  and  breast  cancer  screening  regimens  among  African 
American  women.  Breast  Cancer  in  African  American  Women  Monographs.  Susan  G.  Komen 
Foundation  and  the  African  American  National  Advisory  Committee. 

Manuscripts  in  preparation 

1-Diefenbach,  M.A.,  Sherman,  K.A  ,  &  Croyle,  R.  (In  preparation).  ASPO  2002  Roundtable  Session  3: 

What  is  the  Role  of  Risk  Perceptions  in  Cancer  Screening  Adherence?  Cancer,  Epidemiology, 
Biomarkers  and  Prevention. 
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2- Miller,  S.M.,  Sherman,  K.,  Rodoletz,  M.,  Buzaglo,  J.,  Driscoll,  J.,  Daly,  M.,  Godwin,  A.,  &  Babb,  J.  {In 

preparation).  The  role  of  monitoring  and  anticipated  BRCA1/2  carrier  status  on  family 
communication  among  women  with  a  hereditary  pattern. 

3- Miller,  S.M.  &  Sherman,  K.A.  (In  Preparation).  Cancer  Screening  chapter.  Encyclopedia  of  Health  and 

Behavior  (Norman  Anderson,  Ed.) 

Grant  funding  obtained 

Department  of  Defense  Breast  Cancer  Idea  award  (USA)  -  Co-P.I.  -  “Cognitive-Affective  Predictors 
of  the  Uptake  of,  and  Sustained  Adherence  to,  Lymphedema  Symptom  Minimization  Practices  in 
Breast  Cancer  Survivors”  -  $448,000  -  40%  effort. 

Grants  pending 

New  Jersey  Department  of  Health  and  Senior  Services  -  Co  P.I.  -  Evaluation  of  Barriers  to  Follow- 
Up  Diagnostic  and  Treatment  Adherence  Among  Underserved  Women  in  the  New  Jersey  Breast 
Cancer  Education  and  Early  Detection  (CEED)  program  -  $100  000  -  10%  effort. 


D-iii.  Roles  of  ysynuclein  in  breast  cancer  progression  and  metastasis,  by:  Zhong-Zong  Pan,  Ph.D. 
Abstracts 


1- Pan,  Z.Z.,  Bruening,  W.,  Giaisson,  B.I.,  Lee,  V.M.Y,  and  A.K.  Godwin  (2002).  Gamma-synuclein  is  over¬ 
expressed  in  breast  and  ovarian  cancers  and  promotes  tumor  cell  survival  by  inhibiting  stress-induced  apoptosis. 
AACR  93rd  Annual  Meeting,  San  Francisco,  April  6-10,  2002. 

2- Pan,  Z.Z.,  Bruening,  W.,  Giaisson,  B.I.,  Lee,  V.M.Y,  and  A.K.  Godwin  (2001).  Gamma-synuclein,  a 
candidate  oncogene,  activates  Rac  and  ERK  and  contributes  to  the  metastatic  spread  of  breast  and  ovarian 
cancer.  51st  Annual  Meeting  of  the  American  Society  of  Human  Genetics,  San  Diego,  Oct.  12-16, 2001. 

3- Frolov,  A.,  Pan,  Z.Z.,  Broccoli,  D.,  Giaisson,  B.I.,  Verderveer,  L.,  Auersperg.  N.,  Lynch,  H.,  Daly,  M., 
Hamilton,  T.  and  A.K.  Godwin  (2001).  Identification  of  ovarian  cancer-associated  genes  using  a  HOSE  cell 
transformation  model.  NCI  (National  Cancer  Institute)  9th  SPORE  (Specialized  Program  of  Research 
Excellence)  Investigators’  Workshop,  Washington,  DC,  July  15-17,  2001. 

Publications 

1- Pan,  Z.Z.,  Bruening,  W.,  Giaisson,  B.I.,  Lee,  V.M.Y.,  Godwin,  A.K.  Gamma-synuclein  promotes  cancer  cell 
survival  and  inhibits  stress-  and  chemotherapeutic  drug-induced  apoptosis  by  modulating  MAPK  pathways. 
(Revised  manuscript,  JBC2002). 

2- Frolov,  A.,  Amoletti,  J.P.,  Pan,  Z.Z.,  von  Mehren,  M.,  Eisenberg,  B.  and  A.K.  Godwin.  Sprouty  4A,  a  novel 
genetic  marker  of  response  to  imatinib  mesylate  in  gastrointestinal  stromal  tumors.  (Submitted,  Nature 
Medicine  2002). 

3- Prowse,  A.H.,  Vanderveer,  L.,  Milling,  S.W.F.,  Pan,  Z.Z.,  Dunbrack,  R.L.,  Xu,  X.X.,  and  A.K  Godwin 
(2002).  OVCA2  is  down-regulated  and  degraded  during  retinoid-induced  apoptosis.  Int.  J.  Cancer  99:185-192. 
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D-iv.  Polymorphisms  of  Human  UGT1A6  and  UGT1A9  Genes  and  Functional  Differences  of  the 
Variant  Gene  Products,  by:Jeffrey  Zalatoris,  Ph.D. 

Abstracts 

1- Presentation  at  the  2001  Annual  Meeting  of  the  American  Society  for  Clinical  Pharmacology 
and  Therapeutics,  Orlando,  FL,  March,  2001. 

2- “UGTlA6  Genetic  Polymorphisms:  Identification  and  Genotype/  Phenotype  Analysis  from 
Human  Liver  Tissues.”  J.J.  Zalatoris,  PhD*  and  R.B.  Raftogianis,  PhD,  Dept.  Pharmacology,  Fox  Chase 
Cancer  Center,  Philadelphia,  PA. 

Manuscript  in  preparation  “ 

1-Association  Between  Human  UGT1A6  Haplotype  and  Level  of  Enzyme  Activity  in  Human 
Liver  Tissue.”  J .J.  Zalatoris  and  R.B.  Raftogianis. 

E-CONCLUSIONS: 

E-i.-  Study  of  the  functional  role  of  chromosomes  11, 13, 14  and  17  in  the  process  of  immortalization, 
transformation  and  tumorigenesis  of  human  breast  epithelial  cells,  by  Hasan,  M.  Lareef,  MD 

Our  work  demonstrates  that  the  chemical  carcinogen  benz  (a)  pyrene  induces  transformation  of  MCF10F 
cells  as  evidenced  by  anchorage  independence;  loss  of  ductulogenic  capacity  in  collagen  and  loss  of 
activation  of  Fas  mediated  apoptosis.  These  transformation  phenotypes  are  associated  with  LOH  in 
chromosome  17pl3. 1-13.2  regions  (D17S796).  Transfer  of  chromosome  17  pl3. 1-13.2  (D17S796)  region 
reverts  the  transformation  phenotypes  as  well  as  Fas  mediated  apoptosis.  We  postulate  that  the 
chromosome  17  (pl3. 1-13.2)  (Locus  D17S796)  region  may  contain  gene/s  responsible  for  maintaining 
ductulogenic  capacity  in  collagen,  colony  formation  in  agar-methocel  and  controlling  programmed  cell 
death  through  FAS  receptor/ligand  complex.  Ras  oncogene  turns  the  BP-transformed  cells  in  a  highly 
tumorigenic  cell  in  the  SCID  mice.  The  tumorigenic  phenotype  is  associated  with  alterations  at  different 
loci  of  chromosome  13.  Transfer  of  this  chromosome  but  not  chromosome  14  is  able  to  abrogate  the 
tumorigenic  phenotype.  All  together  our  data  are  providing  a  powerful  experimental  system  to  dissect  the 
different  genes  involved  in  the  initiation  and  progression  of  breast  cancer. 

E-ii.-  Lymphedema  Prevention  in  Breast  Cancer  Survivors,  by  Kerry  Sherman,  Ph.D 

a-Obtained  funding  through  a  DOD  Breast  Cancer  Idea  Award  (Co  P.I)  to  study  cognitive-affective 
predictors  of  the  uptake  of,  and  sustained  adherence  to,  lymphedema  symptom  minimization  practices  in 
breast  cancer  survivors. 

b-Commenced  a  pilot  study  (N  =  4)  related  to  lymphedema  prevention  among  early  stage  breast  cancer 
survivors  to  determine  the  feasibility  of  the  study  questionnaire  and  to  determine  the  most  appropriate  and 
effective  recruitment  approach. 

c-Data  collection  for  the  study  entitled  “Knowledge  about  genetic  risk  assessment  and  interest  in  genetic 
risk  assessment  for  hereditary  breast/ovarian  cancer  among  inner  city  women”  is  ongoing  (N  =  78). 
Interim  analyses  have  been  conducted  on  these  data.  Specifically,  level  of  genetics  knowledge  was 
strikingly  low,  yet  interest  to  pursue  breast  cancer  risk  assessment  counseling/genetic  testing  was  high. 
Interest  in  risk  assessment  was  associated  with  increased  perceived  risk  for  ovarian  cancer,  increased 
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perceived  control  over  ovarian  cancer,  and  enhanced  social  support.  In  addition,  greater  social  support 
was  associated  with  increased  interest  in  undergoing  genetic  testing. 

E.-iii.-.  Roles  of  y-synuclein  in  breast  cancer  progression  and  metastasis,  by  Zhong-Zong  Pan,  Ph.D. 

In  these  studies,  we  found  that  y-Synuclein  can  interact  with  two  major  MAPKs,  i.e.,  ERK  and  JNK1. 
Over-expression  of  y-synuclein  may  lead  to  enhanced  activity  of  ERK  and  down-regulation  of  JNK 
activation  in  response  to  stress  and  chemotherapy  drugs.  Rho/Rac/Cdc42  pathway  is  also  activated  in 
cells  over-expressing  y-synuclein.  Activation  of  both  the  Rho/Rac/Cdc42  and  ERK  pathways  are  required 
for  the  enhanced  cell  migration  in  y-synuclein  over-expressing  cells.  Over-expression  of  y-synuclein  may 
render  cancer  cells  resistant  to  Taxol  and  vinblastine  by  modulating  ERK  cell  survival  pathway  and  JNK- 
mitochondria-Caspase  9/3  apoptotic  pathway.  Taken  together,  these  data  indicate  that  y-synuclein  may 
promote  tumorigenesis  by  enhancing  cell  motility  through  modulating  Rho/Rac/Cdc42  and  ERK 
pathways,  and  promoting  cell  survival  and  inhibiting  apoptosis  through  modulating  ERK  cell  survival  and 
JNK-mitochondria-caspase9/3  apoptotic  pathways.  Since  y-synuclein  is  aberrantly  expressed  in  the 
majority  of  late-stage  breast  and  ovarian  cancers  but  is  not  expressed  in  normal  breast  and  ovarian 
epithelial  cells,  y-synuclein  may  represent  a  very  promising  therapy  target  for  these  diseases. 

E.-iv.  Polymorphisms  of  Human  UGT1A6  and  UGT1A9  Genes  and  Functional  Differences  of  the 
Variant  Gene  Products,  by  Jeffrey  Zalatoris,  Ph.D. 

A  principal  focus  of  pharmacogenetics  is  the  identification  of  genetic  variants  of  drug  metabolizing 
enzymes  that  result  in  different  drug  responses  in  humans.  UGT  glucuronidation  of  selective  estrogen 
receptor  modulators  has  led  to  the  hypothesis  that  phenol  glucuronidating  enzymes  are  at  least  partially 
responsible  for  the  bioinactivation  of  SERMs.  Because  SERMs  are  being  prescribed  as  long-term 
preventative  therapies  against  the  development  of  breast  cancer,  the  response  of  patients  to  these  drugs 
will  likely  dictate  the  patients’  adherence  to  the  therapy  regimen  and  the  acceptance  of  any  costs  in  terms 
of  financial  and  health  issues.  Therefore  the  identification  of  genetic  factors  influencing  responses  to 
these  therapies  may  aid  physicians  in  their  ability  to  prescribe  the  drugs  effectively.  This  study  is  aimed 
at  defining  whether  these  putative  SERM  inactivating  enzymes  have  genetic  variations  that  result  in 
predictable  phenotypes  at  both  the  molecular  level  and  in  the  patient. 

Since  UGT1A6  and  UGT1A9  were  shown  to  glucuronidate  4-hydroxytamoxifen,  these  genes  were 
studied  for  potential  genetic  variants  that  might  affect  the  phenotype  of  the  gene  products.  UGT1A6 
genotype  has  been  determined  in  both  healthy  Caucasian  and  African-American  populations  and  in  a 
population  of  liver  tumor  tissues  from  patients  with  liver  cancers.  The  study  of  liver  tissue  genotype  and 
phenotype  was  performed  because  these  tissues  are  rich  in  UGT1A6  and  supplied  enough  material  to 
compare  glucuronidation  rates  among  different  genotyped  samples.  In  the  study  of  liver  tissue 
glucuronidation  of  the  highly  specific  UGT1A6  substrate  a-naphthol  and  the  more  general  UGT  substrate 
p-nitrophenol,  the  liver  microsomes  homozygous  for  UGTlA6*2/*2  showed  statistically  greater  rates  of 
glucuronidation  than  the  microsomes  genotyped  as  *1/*1,  *l/*2,  and  *l/*3.  In  fact,  a  25-fold  difference 
was  detected  between  tissues  expressing  the  UGTlA6*l/*3  allozymes  and  those  that  were  homozygous 
for  the  UGT1A6*2.  These  data  suggest  that  the  *2  allozyme  has  a  greater  specific  activity  in  liver  than 
the  *1  allozyme.  Because  of  the  rarity  of  the  *3  and  *4  genotypes,  no  homozygous  liver  tissues  have 
been  identified  from  this  population.  Therefore,  to  study  the  effect  of  specific  activity  variation  due  to  the 
genotype,  expression  of  recombinant  proteins  for  all  of  these  variants  will  need  to  be  performed.  To 
address  the  hypothesis  that  variant  allozymes  result  in  functional  changes  to  the  inactivation  of  estrogens 
and  antiestrogens  in  vivo,  a  cell  model  study  will  be  conducted  to  assess  the  proliferation  of  estrogen- 
dependent  mammalian  cells  stably  transfected  with  the  variant  UGT1A6  genes  in  the  presence  and 
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absence  of  SERMs.  Differences  in  the  stability  of  the  UGT1A6  allozymes  will  also  be  studied  using 
these  cell  lines.  Finally,  the  identification  of  non-coding  region  UGT1A9  genetic  polymorphisms  may 
hypothetically  lead  to  variant  gene  transcription  or  mRNA  stability.  Clinical  variation  of  the  efficacy  of 
SERMs  may  be  dependent  on  a  variety  of  factors,  and  the  current  studies  are  intended  to  identify  potential 
molecular  bases  for  such  interindividual  differences. 
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DOD  breast  Cancer  Training  Program 
Seminar  Series  and  Dates  of  Activities  for2001 


Day 

Speaker 

Theme 

Thursday,  July  25. 

Dr.  Y.  Matsumoto 
FCCC 

DNA  Repair  and  Cancer. 

Thursday,  August  30. 

Dr.  A.  Godwin 
FCCC 

Familial  Breast  Cancer. 

Friday,  September  7 
Presentation  by  Trainees 
to  the  Faculty  and 
Advisory  Board. 

Dr  H.  Lareef 

The  role  of  chromosome  13  in  a 
model  of  breast  carcinogenesis  in 
vitro. 

Dr.  J.  Zalatoris 

Functional  Polymorphisms  of  UDP- 
Glucuronosyltransferase. 

Dr  Z  Pan. 

Roles  of  gamma-synuclein  breast  and 
ovarian  cancer. 

Dr.  K.  Sherman 

Evaluating  the  efficacy  of  a 
cognitive-affective  social  network 
intervention  for  African. 

Thursday,  September  27. 

Dr.  R.  Raftogianis 
FCCC 

Metabolism  of  Estrogen  and  Breast 
Cancer. 

Thursday,  October  25. 

Dr.  C.  Patriotis 
FCCC 

From  cDNA  array  to  Proteomic. 

Thursday,  November  15. 

Dr.  E.  Golemis 
FCCC 

Addressing  the  Role  of  Complex 
Proteomic  Networks  in  Cancer 

Related  Signaling. 

Thursday,  December  13. 

Dr.  R.  Strich 

FCCC 

The  Role  of  the  Stress  Response  and 
Breast  Cancer. 
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DOD  breast  Cancer  Training  Program 

Seminar  Series  and  Dates  of  Activities 

For  2002 

Date 

Speaker 

Theme 

Thurs.,  February  14. 

Dr.  E.  Sauter 
Jefferson  Medical 
School 

Approaches  to  the  Diagnosis  of 

Breast  Cancer. 

Thurs.  March  14 
Presentation  by  Trainees 
to  the  Faculty  and 
Advisory  Board. 

Dr  H.  Lareef 

Estrogen  metabolites  induce  cell 
transformation  in  breast  epithelial 
cells. 

Dr.  J.  Zalatoris 

UGT  pharmacogenetics  and  the 
specificity  of  Raloxifene. 

Dr  Z  Pan. 

Gamma-synuclein  in  breast  cancer. 

Thursday,  May  9. 

Dr.  G.  Mor, 

Yale  University 
Medical  School 

Life  after  death?  Survival  by 
apoptosis  in  reproductive  Tissues. 

Thursday,  May  16. 

Dr.  M.  Kazanietz , 
University  of 
Pennsylvania 

Protein  Kinase  C  and  novel  receptors 
for  the  phorbol  ester  tumor 
promoters. 

Friday,  May  17. 

D.  J.  Janssens 

HCG  treatment  in  a  advanced  breast 
cancer. 

Thursday,  June  6. 

Dr.  E.  Henske 
FCCC 

The  tuberous  sclerosis  gene  tumor 
suppressor  genes  activate  Rho  and 

ER  regulate  cell  motility. 

Thursday,  June  20. 

Dr.  S.  Seeholzer 
FCCC 

How  to  do  proteomics. 

Thursday,  July  25. 

Dr.  L.  Goldstein 
FCCC 

Clinical  advances  in  breast  cancer. 

Thursday,  August  22. 

Dr.  D.  Broccoli 
FCCC 

Telomerase  and  telomere  in 
tumorigenesis. 

Thursday,  September  5. 

Dr  H.  Lareef 

FCCC 

Final  report  on  the  role  of  genes 
located  in  Ch  13  in  the 
transformation  of  breast  epithelial 
cells. 

Dr.  J.  Zalatoris 
FCCC 

Final  report  on  functional 
polymorphisms  of  UDP- 
glucuronosyltransferase. 
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Dr  Z.  Pan 

FCCC 

Final  report  on  gamma-synuclein  in 
breast  cancer. 

Dr.  K.  Sherman 
FCCC 

Final  report  on  Evaluating  the 
efficacy  of  a  cognitive-affective  social 
network  intervention  for  African. 

Thursday,  October  24, 

Dr.  A.  Bellacosa 
FCCC 

Defect  in  DNA  repair  and 
predisposition  to  cancer. 

Thursday,  November  21. 

Dr.  S.  Miller 

FCCC 

Psychosocial  aspect  in  breast  cancer. 

Thursday,  December  12. 

Dr  G.  Radice, 
University  of 
Pennsylvania 

The  role  of  cadherin  in  breast 
cancer.  Its  biological  significance. 
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1- Mello,  M.L.S.,  B.de  Campos  Vidal,  Lareef,  M.H.,  J.Russo.  Changes  in  chromatin  texture  in 

transformed  cells  as  assessed  by  molecular  biology  assays  and  image  analysis.  14th  international 
Congress  of  Cytology  May  27-31  Amsterdam-The  Netherland. 

2- Mohamed  H.  Lareef,  Irma  H.  Russo,  Fathima  S  Sheriff,  Jorge  Thomas,  Andrew  Cuthbert,  and  Jose 

Russo.  Transfer  of  chromosome  13  abrogates  the  expression  of  immortalization,  in  vitro 
phenotypes  and  tumorigenesis  in  human  breast  epithelial  cells.  Proc.  Am.  Assoc.  Cancer  Res. 
43:5-6,  2002. 

3- Shawn  Straszewski,  Joon  Song,  Mohamed  Lareef,  Bozena  Hanczaruk,  Marijke  Kamsteeg,  Jose  Russo 

and  Gil  Mor.  The  regulation  of  FLIP  in  Human  Breast  Epithelial  Cells.  Journal  of  the  society  for 
Gynecologic  investigation  supplement.  49th  annual  meeting  Los  Angeles,  CA.  2002 

4- Mello,  M.L.S.,  Lareef,  M.H.,  Vidal,  B.C.  and  Russo,  J.  RNA  relocation  at  mitosis  in  benz  (a)  pyrene 

transformed  human  breast  epithelial  cells  after  microcell  mediated  transfer  of  chromosomes  1 1 
and  17.  Analytical  Cellular  Pathology,  23:137-141,  2001. 

5- Sherman,  K.,  Montrone,  M.,  Tyler,  J.,  Driscoll,  G.,  &  Miller,  S.M.  (2002)  The  23rd  International 

Conference  of  the  Stress  and  Anxiety  Research  Society.  Paper  on:  Coping  strategies,  monitoring 
attentional  style  and  infertility-related  distress  among  couples  undergoing  in-vitro  fertilization. 
Melbourne,  Australia,  July,  2002. 

6- Sherman,  K.A.,  Miller,  S.M.,  Rodoletz,  M.,  Driscoll,  J.,  Daly,  M.,  Godwin,  A.,  &  Babb,  J.  The  23rd 

Annual  Meeting  of  the  Society  of  Behavioral  Medicine.  Paper  on:  The  role  of  monitoring  and 
anticipated  B RCA  1/2  carrier  status  on  family  communications  intentions  and  plans  among  women 
with  a  hereditary  pattern.  Washington,  DC,  April,  2002. 

7- Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  Stanton,  L.,  &  Babb,  J. 

(2002).  The  23rd  Annual  Meeting  of  the  Society  of  Behavioral  Medicine.  Poster  on:  Enhancing 
Adaptation  to  Prostate  Cancer  Risk  Feedback  and  Screening  Adherence.  Washington,  DC,  April, 
2002. 

8- Sherman,  K.,  Montrone,  M.,  Miller,  S.M.,  Tyler,  J.,  M.D.,  &  Driscoll,  G.  (2002)  The  23rd  Annual 

Meeting  of  the  Society  of  Behavioral  Medicine.  Poster  on:  Psychosocial  predictors  of  pregnancy 
outcome  among  couples  undergoing  In-Vitro  Fertilization.  Washington,  DC,  April,  2002. 

9- Miller,  S.M.,  Driscoll,  J.,  Rodoletz,  M.,  Sherman,  K.,  Buzaglo,  J.,  Daly,  M.,  Godwin,  K.,  &  Babb,  J. 

(2002)  The  26th  Annual  Meeting  of  the  American  Society  of  Preventive  Oncology.  Poster  on: 
Attentional  style  and  adjustment  to  participation  in  genetic  testing  for  inherited  breast  and  ovarian 
cancer  risk.  Bethesda,  MD,  March,  2002. 
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10- Miller,  S.M.,  Sherman,  K.,  Rodoletz,  M.,  Buzaglo,  J.,  Driscoll,  J.,  Daly,  M.,  Godwin,  A.,  &  Babb,  J. 

(2002)  The  26th  Annual  Meeting  of  the  American  Society  of  Preventive  Oncology.  Poster  on:  The 
role  of  monitoring  and  anticipated  BRCA1/2  carrier  status  on  family  communication  among 
women  with  a  hereditary  pattern.  Bethesda,  MD,  March,  2002. 

11 - Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  &  Bruner,  D.  (2002)  The 

26th  Annual  Meeting  of  the  American  Society  of  Preventive  Oncology.  Poster  on:  Prostate  Cancer 
Risk  Assessment:  Enhancing  Participation  and  Adaptation.  Bethesda,  MD,  March,  2002. 

12- Miller,  S.M.,  Sherman,  K.,  Rodoletz,  M.,  Buzaglo,  J.,  Driscoll,  J.,  Daly,  M.,  Godwin,  A.,  &  Babb,  J. 

(2002)  The  60th  Annual  Meeting  of  the  American  Psychosomatic  Society.  Citation  poster  on:  The 
role  of  monitoring  and  anticipated  BRCA1/2  carrier  status  on  family  communication  intentions 
and  plans  among  women  with  a  hereditary  pattern  for  breast/ovarian  cancer.  Barcelona,  Spain, 

March,  2002. 

13- Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  Stanton,  L.,  &  Babb,  J. 

(2002).  The  60th  Annual  Meeting  of  the  American  Psychosomatic  Society.  Poster  on:  Enhancing 
Adaptation  to  and  Participation  in  Prostate  Cancer  Risk  Programs.  Barcelona,  Spain,  March. 

14- Sherman,  K.,  Montrone,  M.,  Tyler,  J.,  Driscoll,  G.,  &  Miller,  S.M.  (2002).  The  60th  Annual  Meeting 

of  the  American  Psychosomatic  Society.  Press  release  Poster  on:  Coping  strategies  and 
pregnancy  outcome  among  couples  undergoing  In-Vitro  Fertilization.  Barcelona,  Spain,  March, 

2002. 

15- Miller,  S.M.,  Sherman,  K.A.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.A.,  Stanton,  L.,  Bruner,  D.,  & 

Knowles,  J.C.  (2002).  The  2nd  Annual  Meeting  of  the  American  Academy  of  Health  Behavior. 

Poster  on:  Enhancing  Participation  in  and  Adaptation  to  Prostate  Cancer  Risk  Assessment 
Programs  and  Screening  Adherence.  Napa  Valley,  CA,  March,  2002. 

16- Sherman,  K.A.,  Montrone,  M.,  Tyler,  J.,  Driscoll,  G.,  Miller,  S.M.,  &  Knowles,  J.  (2002).  The  2nd  Annua 

Meeting  of  the  American  Academy  of  Health  Behavior.  Poster  on:  Psychosocial  predictors  of  pregnancy 
outcome  among  couples  undergoing  In-Vitro  Fertilization.  Napa  Valley,  CA,  March,  2002. 

17- Miller,  S.M.,  Sherman,  K.A.,  Buzaglo,  J.S.,  &  Rodoletz,  M.  (2001).  Monitoring-Blunting  behavioral 

signatures  in  coping  with  health  threats:  The  example  of  cancer.  Psicologia  della  Salute,  3,  37-48. 

18- Sherman,  K.A.,  Miller,  S.M.,  &  Sheinfeld-Gorin,  S.  (Under  review).  Psychosocial  determinants  of 

participation  in  risk  counselling  programs  and  breast  cancer  screening  regimens  among  African 
American  women.  Breast  Cancer  in  African  American  Women  Monographs,  Susan  G.  Komen 
Foundation  and  the  African  American  National  Advisory  Committee. 

19- Pan,  Z.Z.,  Bruening,  W.,  Giaisson,  B.I.,  Lee,  V.M.Y,  and  A.K.  Godwin  (2002).  Gamma-synuclein  is  over¬ 

expressed  in  breast  and  ovarian  cancers  and  promotes  tumor  cell  survival  by  inhibiting  stress-induced 
apoptosis.  AACR  93rd  Annual  Meeting,  San  Francisco,  April  6-10,  2002. 

20- Pan,  Z.Z.,  Bruening,  W.,  Giaisson,  B.I.,  Lee,  V.M.Y,  and  A.K.  Godwin  (2001).  Gamma-synuclein,  a  candidate 

oncogene,  activates  Rac  and  ERK  and  contributes  to  the  metastatic  spread  of  breast  and  ovarian  cancer.  5 1 st 
Annual  Meeting  of  the  American  Society  of  Human  Genetics,  San  Diego,  Oct.  12-16, 2001. 
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CARCINOGENESIS  1 


;577-88).  We  have  also  found  that  poorly  differentiated  and  metastatic  human 
breast  tumor  cells,  such  as  MDA-MB231  and  MDA-MB436,  expressed  high  levels 
M  Id-1,  even  in  the  absence  of  serum  or  growth  factors  (Cancer  Res  2000 
30(5):  1332-40).  These  observations  suggested  that  Id-1  may  play  a  role  in  breast 
cancer  progression.  We  also  investigated  the  expression  of  another  Id  protein, 
d-2,  in  mammary  epithelial  cells.  In  contrast  to  Id-1 ,  we  found  that,  in  vitro  and  in 
/ivo,  Id-2  mRNA  and  protein  were  up-regulated  as  cells  lost  proliferative  capacity 
and  initiated  differentiation  (JBC  2001  276(42):  39213-9).  We  recently  found  that, 
upon  serum  withdrawal,  only  Id-2,  and  not  id-1,  was  expressed  at  a  high  level  in 
the  most  differentiated  human  breast  cancer  cells  T47D  and  MCF-7.  In  the  same 
conditions,  Id-2  was  expressed  at  a  low  level  in  metastatic  cells.  Therefore,  Id-2 
expression  seemed  to  follow  a  pattern  opposite  to  that  of  Id-1  during  during 
oreast  cancer  cell  progression.  When  non-aggressive  T47D  cells  were  cultured  in 
presence  of  serum  or  estrogen  alone,  they  expressed  high  levels  of  Id-1  and  low 
levels  of  Id-2.  Upon  treatment  with  progesterone  (Pg),  which  was  shown  to 
reduce  the  aggressive  phenotype  of  progesterone  receptor  (PR)  positive  breast 
cancer  cells,  we  could  detect  a  down-regulation  of  Id-1  accompanied  with  an 
up-regulation  of  Id-2.  On  the  other  hand,  Pg  showed  no  effect  on  Id  expressions 
in  metastatic  MDA-MB231  cells  that  lack  PR.  However,  after  introducing  PR  into 
MDA-MB231  cells,  Pg  inhibited  the  expression  of  Id-1 -mRNA  drastically  and 
reduced  their  level  of  aggressiveness.  These  findings  lead  us  to  hypothesize  that 
both  Id-1  and  ld-2  are  involved  in  regulating  breast  cancer  progression,  but  by 
playing  opposite  roles,  with  their  expression  inversely  correlated.  Id-2,  an  activa¬ 
tor  of  differentiation  in  mammary  epithelial  cells  may  ultimately  be  useful  as  an 
indicator  of  good  prognosis  for  breast  cancer.  Expression  of  Id-2  may  be  down- 
regulated  during  breast  cancer  progression  and  metastasis,  and  this  down- 
regulation  might  be  directly  correlated  with  Id-1  up-regulation.  Therefore,  by 
targeting  Id-1  in  metastatic  cells,  we  may  be  able  to  up-regulate  Id-2,  and  more 
efficiently  redifferentiate  aggressive  breast  cancer  cells. 

#21  Alterations  in  cytoskeletal  structure  induced  by  the  polyamine  (PA) 
biosynthetic  inhibitor  a-difluoromethylomithine  (DFMO)  in  human  mam¬ 
mary  epithelial  cells.  Andrea  Manni,  Laura  Craig,  Sharlene  Washington,  Michael 
Cloud,  Michael  F.  Verderame,  and  David  Mauger.  Pennsylvania  State  University, 
Hershey,  PA. 

Activation  of  the  PA  pathway  is  likely  to  promote  carcinogenesis  and,  therefore, 
inhibition  of  PA  biosynthesis  is  being  tested  as  a  chemopreventive  strategy.  Since 
alterations  in  cytoskeletal  architecture  are  involved  in  transformation,  the  present 
experiments  were  designed  to  test  the  effect  of  the  PA  biosynthetic  inhibitor 
DFMO  on  actin  polymerization  and  tubulin  organization  of  MCF-10A  human 
breast  epithelial  cells  grown  in  liquid  culture.  F-actin  staining  with  rhodamine 
phalloidin  exhibited  a  preferential  submembrane  distribution  in  MCF-10A  cells. 
The  intensity  of  F-actin  staining  was  blindly  scored  (1+,  2  +  ,  3+)  by  five  indey 
pendent  observers  in  multiple  randomly  selected  fields  per  experimental  condt-\ 
tions.  We  observed  that  administration  of  DFMO  (in  doses  ranging  from  0.05  to  1 
mM)  significantly  reduced  (p=0.0012,  ANOVA)  submembrane  actin  staining.  The 
effect  of  DFMO  was  totally  reversible  with  exogenous  putrescine  (2.5  mM),  while 
the  addition  of  this  PA  alone  had  no  effect.  Using  a  mouse  anti  -0  tubulin 
antibody,  we  observed  a  typical  perinuclear  tubulin  organizing  center  in  untreated 
MCF-10A  cells.  Treatment  with  DFMO  caused  a  significant  (p=0.0007,  ANOVA) 
dose-dependent  reduction  and  disruption  of  perinuclear  beta  tubulin  staining 
(quantitated  similarly  as  described  for  F-actin),  which  were  again  reversible  with 
exogenous  putrescine  administration.  These  results  indicate  a  critical  role  for  PA 
in  the  preservation  of  the  cytoskeletal  integrity  of  MCF-1 0A  human  breast  epi¬ 
thelial  cells.  Alterations  in  cytoskeletal  structure  may  mediate  the  antitumor/ 
chemopreventive  effects  of  DFMO  in  breast  cancer. 

#22  Laminin-5  inhibits  dedifferentiation  of  breast  epithelial  ceils.  Reju  M. 
Korah,  Meera  Hameed,  Petra  A.  Archibald,  and  Robert  Wieder.  UMDNJ-New 
Jersey  Medical  School,  Newark,  NJ . 

Using  breast  cancer  specimens  and  established  breast  cancer  cell  lines  we 
investigated  the  role  of  Laminin-5,  an  extracellular  matrix  (ECM)  protein  in  main¬ 
taining  a  differentiated  phenotype  of  breast  epithelial  cells.  Immunohistochemical 
studies  showed  a  clear  association  between  expression  pattern  of  Laminin-5  and 
the  disease  stage  of  breast  cancer.  In  norma!  mammary  duct,  basement  mem¬ 
brane  surrounding  myoepithelial  and  luminal  epithelial  cells  showed  high  levels  of 
Laminin-5,  which  declined  progressively  with  the  advancement  of  dedifferentia¬ 
tion.  In  specimens  representing  high-grade  invasive  breast  cancer,  laminin-5 
expression  was  undetectable.  To  test  the  potential  role  of  laminin-5  in  mediating 
breast  cancer  cell  differentiation,  we  compared  malignant  behavior  of  three 
well-studied  breast  cancer  cell  lines,  MDA-MB-231K  T-47D  and  MCF-7  to  that  of 
their  more-differentiated  .  FGF-2 -expressing  derivatives  (231  /F,  T47D/F  and 
MCF7/F).  All  three  FGF-2-eXpressing  derivatweS  a|$o  expressed  high  levels  of 
laminin-5,  which  was  eventually  deposited  in  their-  ECM.  Both  short-term  (less 
than  4  hours  to  avoid  participation  of  newly  deposited  laminin-5)  and  long  term 
(more  than  8  hours  that  allowed  the  deposition  of  larrunin-5  in  cell’s  ECM)  assays 
were  carried  out  to  examined  variety;  of  malignant  characteristics.  In  short-term 
assays  231 /F  cells  showed  relatively  less  adhesion  and  increased  migratory 
potential  on  various  ECM  proteins  including  fibfprteptin>;lamihin-1  and  collagen  IV. 
In  long-term  assays  on  the  other  hand,  1aminin-5-'expressing  231 /F,  T47D/F  and 
MCF7/F  cells  showed  a  significant  decrease  in  their  potential  for  chemotaxis.  All 
three  laminin-5-expressing  cell  types  (231/F,  T47D/F  and  MCF7/F)  also  showed 


significant  reduction  in  their  capabilities  to  invade  Matrigel  and  form  colonies  in 
soft  agar.  In  addition,  all  three  laminin-5-expressing  cells  formed  relatively  more 
defined  branching  structures  in  three-dimensional  Matrigel  cultures  after  six  days 
of  growth.  Taken  together,  these  associations  clearly  suggest  a  potential  role  for 
laminin-5  in  blocking  malignant  progression  of  breast  epithelial  cells. 


#23  Malignant  transformation  of  human  ovarian  surface  epithelial  cells 
through  genetic  modifications.  Jinsong  Liu,  Zhibo  Yang,  Jennifer  A.  Thompson, 
Nelly  Auersperg,  Gordon  B.  Mills,  William  C.  Hahn,  and  Robert  C.  Bast,  Jr.  The 
University  of  Texas  M.  D.  Anderson  Cancer  Center,  Houston ,  TX,  University  of 
British  Columbia,  Vancouver,  Canada,  and  Dana  Farber  Cancer  Institute,  Harvard 
University,  Boston,  MA. 

To  define  the  genetic  changes  involved  in  the  development  of  human  ovarian 
cancer,  we  serially  introduced  genetic  elements  into  human  ovarian  surface 
epithelial  cells  (HOSE)  to  disrupt  the  pathways  that  are  altered  in  human  ovarian 
cancer.  Introduction  of  the  catalytic  subunit  of  human  telomerase  (hTERT)  into 
three  HOSEs  that  contain  SV40  large  T  and  small  t  antigen  immortalizes  these 
cells  in  vitro,  whereas  introduction  of  SV40  large  T  and  t  antigen  alone  extends  cell 
life  but  is  not  sufficient  to  immortalize.  We  thus  introduced  H-rasV12  into  one  of 
these  immortalized  cell  lines,  T-IOSE-29,  to  generate  T-IOSE-29-H-rasV1 2.  These 
cells  showed  a  marked  increase  in  anchorage-independent  growth.  No  tumors 
were  observed  in  4  mice  injected  with  parental  IOSE-29  cells  that  contained  SV40 
large  T  and  t  antigens  (6  subcutaneous  injections  and  2  intraperrtoneal  injection) 
or  in  4  mice  injected  with  T-IOSE-29  that  contained  both  hTERT  and  SV40  large 
T  and  t  antigen  (2  peritoneal  and  2  subcutaneous  injections).  In  contrast,  three  of 
four  mice  that  received  intraperitoneal  injection  of  T-IOSE29-H-rasV1 2  cells  de¬ 
veloped  poorly  differentiated  carcinoma  of  the  peritoneum  with  widespread  me¬ 
tastasis  into  omentum,  diaphragm,  and  liver  similar  to  that  seen  human  patients 
with  late  stage  human  ovarian  cancer.  Subcuteneous  injection  with  T-IOSE-29- 
H-rasV12  cells  in  100%  of  sites  (7/7  mice)  resulted  in  poorly  differentiated  carci¬ 
nomas  with  focal  papillary  growth.  These  results  demonstrated  that  introduction 
of  SV40  large  T  and  t  antigen,  hTERT,  and  H-rasV12  is  sufficient  to  cause 
malignant  transformation  of  human  ovarian  surface  epithelial  cells.  Future  studies 
of  the  genetic  pathways  disrupted  by  each  of  these  components  in  naturally 
occurring  human  ovarian  cancer  may  further  our  knowledge  of  its  development. 


#24  Transfer  of  chromosome  13  abrogates  the  expression  of  immortal- 
vitro  transformation  phenotypes,  and  tumorigenesis  in  human 
breast  epithelial  cells.  Mohamed  H.  Lareef,  Irma  H.  Russo,  Fathima  S.  Sheriff, 
Jorge  Thomas,  Andrew  Cuthbert,  and  Jose  Russo.  Breast  Cancer  Research 
Laboratory,  Fox  Chase  Cancer  Center,  Philadelphia,  PA,  Fox  Chase  Cancer 
Center,  Philadelphia,  PA,  and  Guy’s,  King’s  and  St.  Thomas'  School  of  Medicine, 
London,  UK. 

The  transformation  of  the  spontaneously  immortalized  human  breast  epithelial 
cell  (HBEC)  line  MCF-1  OF  with  the  chemical  carcinogen  benz(a)pyrene  (BP)  and 
the  mutated  c-Ha-ras  oncogene  (Int.  J.  Oncol.  1 1 :41 , 1997)  serves  as  an  in  vitro-in 
vivo  system  that  recapitulates  the  multistage  process  of  breast  cancer  initiation 
and  progression.  BP -transformed  cells  (BP1)  expressed  in  vitro  the  following 
phenotypes  indicative  of  neoplastic  transformation:  colony  formation  in  agar- 
methocel,  expressed  as  colony  efficiency  (CE),  reduced  ductulogenic  index  (Dl) 
and  increased  solid  mass  (SM)  formation  in  collagen  matrix,  and  increased 
invasiveness  in  Matrigel  chambers,  or  invasive  index  (INVI).  Ras  transfected  BP1 
cells  (BPITras)  expressed,  in  addition,  tumorigenesis  in  severe  immunodeficient 
(SCID)  mice.  From  BPITras-induced  tumors  three  cell  lines,  BPITras-TI, 
BP1Tras-T2,  and  BP1Tras-T3  were  originated.  The  three  cel!  lines  expressed 
microsatellite  instability  (MSI)  and  loss  of  heterozygosity  (LOH)  in  several  loci  of 
chromosome  13  (Mol.  Carcinog.,  24:118,  1999).  In  order  to  test  the  functionality 
of  these  genomic  alterations,  the  chromosome  1 3  was  transferred  to  the  three  cell 
lines  using  microcell  mediated  chromosome  transfer  technique  and  cell  selection 
by  culture  in  hygromycin.  Hybrids  sub-cloned  from  BPITras-TI  and  T-2  cells 
became  senescent  after  the  5th  and  6th  passages,  respectively,  an  indication  that 
both  transformation  and  immortalization  pftendfypes  were,abrogatedJri  these  cell 
lines.  BP1Tras-T3  derived  clones,  instead,  were  continuously  passaged  after 
chromosome  transfer.' Eight  of  these  clories/^^fes$et(jtHe  immortalization;  phe¬ 
notype,  increased  CE,  and  altered  ductulogenic  pattern  with  decreased  Dl  at  the 
expense  of  SM  formation,  resulting  in  decreased  DLSIyt.  ratio,  like  the  'parental  \ 
BP1Tjfas-T3  cells.  Two  of  these  clones,  did  titfe induceiiir$qj$  jn.SCip 

micej&nd  six  of  them  formed  very  small  (6.4mrri3)  tumbrSthat  were  slo  w  groWing 
and  less  aggressive  than  thcisp.produced  by  thbpai^ 

measured  1'40.5  mm3.  These  data  indicate  that  the  transfer  of  Chrgmps0me  '13 
reestablished  those  loci  -  that  were  altered  jjft  fhe  ^parentat  celts,  successfully  _ 
abolishing  the  expression  of  the  in  vitro  ai^,-ir^ : ; phiiEMnipiyj^^;  IrtV 
clones  BPITras-TI  and  BPITras-T?,  and  inhjS^n^ihe^ 
igenic/phenotype  in  BPITrks-T'3  cells  in  and  transfor¬ 

mation  phenotypes  were  retained.  (Supported  by  grants  NIH  CA-ROI  67238, 
DAM D.  17-00-1-0247  and  DAMD  17-00-1-024?^  .... 
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The  Regulatiorrof  FLIP  in  htpiran  Breast  Epithelial  Ceils  ' 

Shawn  Straszewski1,  Joon  Sung2,  Mohamed  Lareef3,  Bozena  Hanczaruk2,  Marijke 
Kamsteeg2,  Jose  Russo3  and  Gil  Mor2  : 

:  vC;  Department  of  Molecular,  Cellular  and  Developmental  Biology,  ^Department  of  Obstetrics  and 
Gynecology;  Yale  University  School  of  Medicine;  New  Haven,  CT 
3Breast  Cancer  Research  Laboratory,  Fox  Chase  Cancer  Center,  Philidelphia,  PA 

Objective:  In  a  previous  study,  we  determined  that  chemically  transformed 
human  breast  epithelial  cells  transfected  with  chromosome  17p1 3.2  undergo 
phenotypic  reversion  and  become  sensitive  to  Fas-mediated  apoptosis.  Both 
normal  and  cancerous  cells  expressed  similar  levels  of  Fas  and  FasL,  suggesting 
that  the  change  in  sensitivity  was  due  to  the  alteration  of  one  or  more  intracellular 
components  of  the  Fas  pathway.  In  this  study,  we  demonstrate  that  sensitivity  to 
Fas-mediated  apoptosis  is  associated  with  the  modulation  of  FLIP  activation. 

Methods:  Apoptosis  was  induced  in  the  cell  lines  by  either  serum  deprivation  or 
with  an  anti-Fas  monoclonal  antibody  for  various  time  periods  and  evaluated  with 
CellTiter  96  assay.  The  expression  levels  of  Fas,  FasL,  DAP  Kinase,  Caspase-3, 
Caspase-8  and  FLIP  were  determined  using  RT-PCR  and  Western  Blot  analysis 
following  Fas  stimulation.  In  addition,  Caspase-3  activity  was  measured  with  the 
CaspACE  assay  to  confirm  whether  the  cells  were  undergoing  apoptosis. 

Results:  Normal  breast  epithelial  cells  and  the  cell  lines  that  regained  the  lost 
allele  by  chromosome  17  transfection  were  sensitive  to  Fas-mediated  apoptosis 
and  did  not  express  FLIPc,  the  active  form  of  FLIP.  The  cancerous  cells  and  the 
cell  lines  that  displayed  loss  of  heterozygosity,  on  the  other  hand,  expressed  high 
levels  of  FLIPc  and  were  resistant  to  Fas-mediated  apoptosis.  Moreover, 
Caspase-3  activity  was  elevated  only  in  the  cells  that  were  sensitive  to  Fas- 
mediated  apoptosis.  Similar  expression  of  Fas,  FasL,  DAP  Kinase,  FLIPl  and 
the  pro-active  forms  of  Caspase-3  and  Caspase-8  was  observed  in  all  cell  lines. 

Conclusion:  As  an  antagonist  of  Caspase-8,  FLIP  blocks  the  activation  of  the 
Fas  pathway  and  confers  resistance  to  apoptosis.  Previous  studies  have 
demonstrated  a  correlation  between  FLIP  activation  and  neoplastic 
transformation.  The  present  study  reveals  the  existence  of  a  FLIP  regulatory 
factor,  which  is  absent  in  cancerous  cells  and  determines  sensitivity  to  Fas- 
mediated  apoptosis.  Since  transfection  with  chromosome  17p13.2  reverses  the 
resistance  of  chemically  transformed  cells  to  Fas-mediated  apoptosis,  this  region 
of  the  chromosome  may  contain  a  genetic  factor  that  controls  the  activation  of 
FLIP. 
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RNA  relocation  and  the  incidence  of  nucleolus-like  bod¬ 
ies  accumulated  during  mitosis  were  studied  cytochemically 
in  benzo[a]pyrene  (BP)-transformed  human  breast  epithe¬ 
lial  MCF-10F  cells  after  microcell-mediated  transfer  of  nor¬ 
mal  chromosomes  11  and  17.  The  changes  resulting  from 
the  transfer  of  these  two  chromosomes  in  tumorigenic  MCF- 
10F  cells  (BP1-E  cell  line)  were  examined,  since  alterations 
in  these  chromosomes  are  involved  in  the  expression  of  the 
transformed  and  tumorigenic  phenotypes  in  the  MCF-10F 
cell  series.  In  addition,  the  frequency  of  nucleolus-like  bodies 
decreases  drastically  with  transformation  and  tumorigenicity 
in  MCF-10F  cells,  thus  being  conceivable  that  it  would  be 
affected  in  presence  of  normal  chromosomes  11  or  17.  The 
pattern  of  RNA  relocation  associated  with  the  mitotic  spin¬ 
dle  did  not  vary  in  the  cell  lines  analyzed.  The  introduction 
of  chromosome  17  in  BP1-E  cells  either  decreased  or  did  not 
affect  the  frequency  of  persistent  nucleolus-like  bodies.  In 
contrast,  in  cells  which  received  a  normal  chromosome  11, 
the  frequency  of  nucleolus-like  bodies  was  closer  to  that  of 
non-transformed  MCF-10F  cells.  These  results  suggest  that  a 
normal  chromosome  11  but  not  chromosome  17  contributes 
to  the  maintenance  of  an  RNA  surplus  which  accumulates 
in  nucleolus-like  bodies  during  cell  division  of  the  human 
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breast  epithelial  cells,  at  least  in  vitro .  Some  loci  which  were 
retained  in  the  BP1-E  cells  which  received  a  normal  chro¬ 
mosome  1 1  are  probably  involved  with  the  control  of  RNA 
transcript  production. 

Figure  1  on  http://www.esacp.org/acp/2001/23-3_4/mello. 
htm. 

Keywords:  RNA,  nucleolus-like  bodies,  human  breast  ep¬ 
ithelial  cells,  microcell-mediated  chromosome  transfer,  chro¬ 
mosome  11,  chromosome  17 


1*  Introduction 

When  transformed  with  benzo[a]pyrene  (BP),  hu¬ 
man  breast  epithelial  MCF-1  OF  cells  cultured  in  vitro 
produce  cell  lines  which  show  gradual  stages  of  tu¬ 
moral  progression  (BP1,  BP1-E,  BP1-E1  among  oth¬ 
ers)  [3].  RNA  relocation  associated  with  the  mitotic 
spindle  fibers  does  not  vary  during  cell  division  in 
transformed  MCF-10F  cell  series  [10],  as  shown  cy¬ 
tochemically  using  a  variant  of  the  critical  electrolyte 
concentration  assay  [8].  However,  the  frequency  of 
RNA-containing  nucleolus-like  bodies  which  persist 
during  mitosis,  and  which  were  primarily  described 
in  non-transformed  MCF-10  cells  and  assumed  to  be 
due  to  a  non-profitable  surplus  of  RNA  [8],  decreases 
drastically  in  transformed  and  tumorigenic  MCF-1  OF 
cells  [10].  In  contrast,  a  significant  increase  in  nucleo¬ 
lar  size  and  rRNA  production  in  interphase  nuclei  oc¬ 
curs  in  the  BP1-E  and  BP1-E1  tumorigenic  cell  lines 
relative  to  non- tumorigenic,  transformed  cell  line  BP1 
and  non-transformed  MCF-1  OF  cells  [1].  These  find¬ 
ings  have  been  explained  in  terms  of  an  improved  use 
of  RNA  transcripts  during  cell  transformation  and  tu- 
morigenesis,  at  least  under  in  vitro  conditions  [10]. 
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: .  Microsatellite  instability  markers  in  chromosomes 
- 1 1  and  17  have  been  associated  with  neoplastic  pro-  >> 
gression  in  BP-transformed  MCF-10F  cells  [6].  Mi- 
crbsatellite  instability  may  provoke  defects  in  DNA 
replication  or  mismatch  repair  mechanisms  [2,12,143. 
Although  microsatellite  instability  is  not  so  commonly 
found  in  breast  tumors  as  in  colorectal  cancer  [7] ,  cases 
have  been  reported  in  which  microsatellite  instability 
was  considered  an  early  event  during  human  breast 
carcinogenesis  [15,17].  Recently,  microsatellite  insta¬ 
bility  has  been  correlated  with  hormonal  deregulation 
in  the  progression  of  breast  cancer  [4]  and  the  cause 
of  loss  of  an  apoptotic  pathway  in  ductal  breast  car¬ 
cinomas  [13].  Nearly  20%  of  microsatellite  markers 
have  been  revealed  in  33%  of  patients  with  primary 
breast  tumors  studied  by  Wild  and  co-workers  [18], 
provided  small  tumor  areas  were  removed  by  precise 
laser-microdissection.  There  are  also  reports  indicating 
that  in  1 1.9%  of  sporadic  breast  cancers,  microsatellite 
instability  was  correlated  with  more  advanced  disease 
and  relatively  poorer  prognosis  [16]. 

When  normal  chromosomes  11  and  17  were  trans¬ 
ferred  to  tumorigenic  BP1-E  cells  by  microcell- 
mediated  chromosome  transfer  (MMCT)  assays,  a 
functional  role  of  these  chromosomes  in  the  expres¬ 
sion  of  the  BP1-E  transformed  phenotypes  was  demon¬ 
strated  [19].  Some  of  the  tumorigenic  BP1-E  cell  char¬ 
acteristics  which  reverted  to  those  of  non-transformed 
MCF-10F  cells  by  transfer  of  normal  chromosomes  1 1 
and  17  were:  decrease  in  cell  growth,  reduced  colony 
efficiency  and  colony  size  [19],  and  a  tendency  to 
restoration  of  the  DNA  amount  and  nuclear  sizes  to 
the  distribution  patterns  typical  of  the  non-transformed 
cells  [11].  Telomerase  activity  was  significantly  re¬ 
duced  by  chromosome  17  insertion  [19].  It  is  thus  con¬ 
ceivable  that  the  pattern  of  RNA  distribution  and  of 
the  incidence  of  nucleolus-like  bodies  during  mitosis 
under  the  same  above-cited  experimental  conditions 
may  also  be  affected.  In  the  present  study,  RNA  reloca¬ 
tion  and  the  incidence  of  nucleolus-like  bodies  during 
cell  division  were  studied  cytochemically  in  tumori¬ 
genic,  BP-transformed  MCF-10F  cells  receiving  nor¬ 
mal  chromosomes  1 1  and  17  through  MMCT  assays. 

2.  Materials  and  methods 

2.7.  Cells 

BP1-E,  a  BP-transformed  cell  line  derived  from 
MCF-10F  cells  currently  maintained  in  the  Breast 


Cancer  Research  Laboratory  of  the  Fox  Chase  Can¬ 
cer  Center  in  Philadelphia  as  reported  previously  [3], 
was  used  in  the  transfer  of  normal  chromosomes  1 1 
and  17  by  microcell-mediated  chromosome  transfer 
(MMCT).  BPl-E  cells  were  transfected  with  the  plas¬ 
mid  pS.V2neo  using  the  Calphos  maximizer  transfec¬ 
tion  protocol  (Clontech,  Palo  Alto,  CA)  and  then  fused 
with  microcells  generated  from  human  chromosome 
donor  cells  (A9-l  lneo  or  A9-17neo)  to  produce  the 
microcell  hybrids  BPIE-llneo  and  BPlE-17neo,  re¬ 
spectively.  Colonies  surviving  in  DMEM  medium  con¬ 
taining  G-418  (400  p g/ml)  were  subcloned.  Four  ex¬ 
pandable  clones  (subclones)  containing  normal  chro¬ 
mosomes  1 1  and  17  were  used.  BPl-E  cells  at  passage 
45,  and  BP1E-1  lneo  and  BPlE-17neo  cells  at  passage 
7  were  used.  The  cells  were  grown  for  48  h  (BPl-E, 
BPIE-llneo  and  BPlE-17neo)  or  96  h  (BPlE-17neo) 
on  well  slides  and  fixed.  Since  BPl-E  cells  and  the 
clone  with  transferred  chromosome  1 1  grew  faster  than 
the  clone  transferred  with  chromosome  17,  a  conflu¬ 
ence  value  of  80%  was  attained  by  these  cells  at  dif¬ 
ferent  growth  times  (BPl-E  and  BPIE-llneo,  48  h; 
BPlE-17neo,  96  h). 

2.2.  Cell  preparations  and  staining  procedure 

The  cells  were  fixed  in  an  ethanol-acetic  acid  mix¬ 
ture  (3:1,  v/v)  for  1  min,  rinsed  in  70%  ethanol  for 
3-5  min,  and  air  dried  before  the  identification  of 
RNA  by  a  variant  of  the  critical  electrolyte  concen¬ 
tration  (CEC)  assay,  which  used  toluidine  blue  (TB) 
and  Mg2+  ions  as  competitors  for  the  substrate  binding 
sites.  At  the  DNA  CEC  point,  DNA  metachromasy  (vi¬ 
olet  colour)  is  abolished,  whereas  RNA  metachromasy 
remains  unchanged  (CECrna  >  CECdna)  [9].  Briefly, 
the  cells  were  stained  with  0.025%  TB  (Merck)  solu¬ 
tion  in  Mcllvaine  buffer  at  pH  4.1  for  15  min  and  then 
treated  with  a  0.05  M  aqueous  solution  of  MgCh  for  15 
min.  The  slides  were  then  rinsed  in  distilled  water,  air- 
dried,  cleared  in  xylene  and  mounted  in  Canada  bal¬ 
sam  [9].  Preparations  treated  with  a  0.01%  RNase  III 
(Sigma)  aqueous  solution  for  1  h  at  37°C  prior  to  the 
CEC  assay  were  used  as  controls.  The  slides  were  ex¬ 
amined  and  photomicrographed  with  a  Zeiss  Axiophot 
II  microscope. 

2.3.  Mitosis  counting 

Three  slides  corresponding  to  six  wells  of  each  cell 
line  (or  clone)  were  examined  for  mitotic  cells.  Nearly 
70  dividing  cells  were  chosen  randomly  from  each 
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slide  and  classified  based  on  absence  or  presence  of 
nucleolus-like  bodies.  In  the  case  of  BPlE-17neo  cells 
grown  for  48  h,  the  number  of  dividing  cells  analyzed 
per  well  was  25. 

3,  Results 

RNA  was  identified  by  its  metachromatic  stain¬ 
ing  which  could  be  prevented  by  pretreatment  with 


RNase  [9].  This  staining  was  concentrated  in  the  nu¬ 
cleoli  of  interphase  cell  nuclei  (Fig.  la,  b)  or  lined 
the  chromosomal  mass  which  migrated  to  the  equa¬ 
torial  plate  of  mitotic  cells  (Fig.  la,  b,  e,  f)  and  then 
interspaced  the  sets  of  chromosomes  moving  to  the 
cell  poles  during  anaphase/telophase  (Fig.  lg,  h).  The 
pattern  of  RNA  relocation  associated  with  the  mitotic 
spindle  was  the  same  in  all  cells  examined  and  agreed 
with  previous  data  [10]. 
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,i.  Table  1 

Incidence  of  nucleolus-like  bodies 
Cell  culture  Metaphases 


Cells  Growth  Confluence  No.  of  cells  Nucleolus-like  bodies 
(h)  counted  frequency  (%) 


BP1-E 

48 

r  80 

218 

16 

BPIE-llneo 

48 

80 

221 

74 

BPlE-17neo 

48 

50 

150 

6.7 

96 

80 

246 

19.5 

When  nucleolus-like  metachromatic  bodies  were 
present,  they  appeared  close  to  the  chromosomes  or  to 
the  mitotic  spmdle  in  dividing  cells  (Fig.  la-d,  f,  g). 
The  frequency  of  these  bodies  in  mitotic  cells  of  the 
various  cell  lines  is  shown  in  Table  1.  This  frequency 
was  low  in  BP1-E  cells  which  received  a  normal  chro¬ 
mosome  17,  even  when  the  level  of  culture  confluence 
was  the  same  as  that  of  cultured  BP1-E  cells  with  trans¬ 
ferred  normal  chromosome  1 1.  In  cells  which  received 
a  normal  chromosome  1 1,  the  frequency  of  nucleolus¬ 
like  bodies  was  closer  to  that  of  non-transformed 
MCF-10F  cells  (86%)  [10]. 


4.  Discussion 


Data  from  human  genome  maps  in  the  web  [5]  re¬ 
veal  that  the  splicing  factor  3b,  subunit  2,  ;|45  kD 
(SF3B2),  a  spliceosome-associated  protein  which  par¬ 
ticipates  in  anchoring  of  U2  snRNP  to  pre-mRNA, 
the  RNA  binding  motif  protein  14,  the  breast  cancer 
metastasis-suppressor  1  (BRMS1),  and  the  tumor  sup¬ 
pressor  14  (ST  14)  are  encoded  in  these  regions  and 
possibly  related  to  the  above-mentioned  characteristics 
of  the  BP1-E  cells  with  transferred  normal  chromo¬ 
some  11. 

The  higher  frequency  of  nucleolus-like  bodies  in 
BP1E  cells  which  received  a  normal  chromosome  1 1 
may  reflect  a  certain  poorly  controlled  RNA  transcript 
production  in  vitro .  This  would  lead  to  an  RNA  sur¬ 
plus  accumulation  during  cell  division  in  a  response 
similar  to  that  in  non-transformed  MCF-  10F  cells  [10]. 
With  the  gradual  advancing  of  tumorigenesis  in  trans¬ 
formed  MCF-10F  cells,  alterations  in  chromosome  11 
may  lead  cells  to  improve  their  use  of  RNA  transcripts. 

The  unchanged  pattern  of  the  RNA  relocation  in  as¬ 
sociation  with  the  mitotic  spindle  architecture  during 
cell  division  under  present  experimental  conditions  in¬ 
dicates  that  this  process  does  not  require  normal  chro¬ 
mosomes  1 1  or  17  to  be  effective. 


Figure  1  can  be  viewed  on  http://www.esacp.org/acp/ 
2001/23-3_4/meIlo.htm. 

The  transfer  of  normal  chromosomes  11  and  17  into 
tumorigenic  BP1-E  cells  has  been  reported  to  result 
in  a  50%  and  90%  inhibition  of  cell  growth,  respec¬ 
tively,  and  to  reduce  both  colony  efficiency  and  colony 
size  [19].  Additionally,  it  has  been  found  to  increase 
cell  population  DNA  amounts  and  nuclear  sizes  to  val¬ 
ues  typical  of  non-transformed  MCF- 1  OF  cells  [11].  In 
terms  of  the  nucleolus-like  bodies  seen  during  cell  di¬ 
vision  in  BP1-E  cells,  present  data  indicate  that  the  fre¬ 
quency  of  these  bodies  increases  in  presence  of  a  nor¬ 
mal  chromosome  11,  becoming  closer  to  that  of  non- 
transformed  MCF-10F  cells  [10].  It  is  thus  assumed 
that  specific  regions  of  chromosome  1 1  play  a  func¬ 
tional  role  in  the  expression  of  phenotypes  character¬ 
istic  of  tumoral  progression  in  human  breast  epithe¬ 
lial  cells  in  vitro ,  including  those  related  to  the  control 
of  RNA  transcript  production  which  is  probably  con¬ 
cerned  with  the  accumulation  of  an  RNA  surplus  dur¬ 
ing  cell  division. 

Microsatellite  polymorphism  analysis  has  revealed 
that  the  loci  llql3-23,  llq23.1,  llq23.3,  and  llq25 
are  retained  in  the  BP1-E  cells  which  receive  a  nor¬ 
mal  chromosome  11  through  MMCT  techniques  [19]. 
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COPING  STRATEGIES,  MONITORING  ATTENTIONAL  STYLE  AND 
INFERTILITY-RELATED  DISTRESS  AMONG  COUPLES  UNDERGOING 

IN-VITRO  FERTILIZATION 


Kerry  A.  Sherman1.  Ph.D.,  Miranda  Montrone2,  M.A.,  John  Tyler2,  M.D.,  Geoff 
Driscoll2,  M.D.,  &  Suzanne  M.  Miller1,  Ph.D. 

’Fox  Chase  Cancer  Center 

Department  of  Behavioral  Medicine,  PI  103 

7711  Burholme  Avenue, 

Philadelphia,  PA  191 11,  USA. 

Email:  ka_Sherman@fccc.edu 

2City  West  I.V.F.,  Sydney,  AUSTRALIA. 

This  study  explored  the  relationship  between  patient  coping  styles  and  infertility-related 
distress  among  Australian  couples  entering  an  In-Vitro-Fertilization  treatment  program. 
Both  members  of  medically-diagnosed  infertile  couples  (N  =  81;  female:  mean  age  33; 
male:  mean  age  34)  provided  demographic  information  and  completed  the  Brief  COPE 
and  Revised  Impact  of  Events  Scales.  Participants  were  further  categorized  into  high 
monitors  (who  attend  to  health  threats)  and  low  monitors  (who  distract  from  health 
threats).  Analysis  of  variance  indicated  that  women  reported  greater  infertility-related 
intmsion  (pc.OOOl)  and  avoidance  (p<.05)  than  men.  Distress  was  correlated  with  self¬ 
destructive  behavior,  substance  abuse,  venting,  self-blame,  denial  and  behavioral 
disengagement  for  women,  and  denial,  self-destructive  behavior,  behavioral 
disengagement,  active  coping,  and  emotional  support  for  men.  Additionally,  high 
monitoring  was  associated  with  intrusion  for  both  men  and  women.  For  intrusion,  self¬ 
blame  (p  =  .80,  p<.05)  and  substance  abuse  (P  =  1.06,  p<.06)  accounted  for  31.6%  of  the 
variance  in  women’s  scores,  and  self-destructive  behaviors  (P  =.39,  pc.Ol)  and  high 
monitoring  (P  =.23,  p<.05)  accounted  for  23.1%  of  the  variance  in  men’s  scores. 
Findings  indicate  the  importance  of  tailoring  communications  to  individual  coping 
responses  and  attentional  style  of  both  partners  when  designing  infertility  treatment 
counseling  programs. 
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SHORTER  MOMENTS  OF  PRIMARY  NEGATIVE  AFFECT 
ASSOCIATED  WITH  FLATTENED  DIURNAL  SLOPE  OF 
CORTISOL  IN  METASTATIC  BREAST  CANCER 
PATIENTS 

Janine  Giese-Davis,  Ph.D.,  Sandra  Sephton,  Ph.D.,  and  David  Spiegel,  M.D. 

Past  research  has  found  associations  between  shorter  cancer  survival  and  sup¬ 
pressed  or  repressed  negative  affect.  In  a  prior  study  we  found  that  a  flattened  di¬ 
urnal  slope  of  cortisol  assessed  prior  to  randomization  in  a  clinical  trial  of  sup¬ 
portive-expressive  group  therapy  was  strongly  predictive  of  early  death  and  was 
associated  with  repression  (scored  using  the  Weinberger  Adjustment  Inventory). 
In  the  current  study,  we  investigated  whether  women  who  were  less  behaviorally 
expressive  of  primary  negative  affect  during  their  initial  group  therapy  session 
had  flattened  cortisol  slopes.  We  emotion-coded  the  first  group  session  of  28 
women  utilizing  the  Specific  Affect  Coding  System.  Each  tape  was  double 
coded  and  passed  a  kappa  above  .60.  Women  taking  steroids  and  megasterone 
were  selected  out  due  to  confounds.  We  conducted  a  regression  controlling  for 
speaking  time  in  the  first  step,  and  using  simultaneous  entry  of  Primary  Negative 
Affect  (fear,  sadness,  and  direct  anger)  and  Positive  Affect  (genuine  humor,  ex¬ 
citement,  affection,  validation,  and  interest)  as  independent  variables.  Those 
women  who  expressed  less  Primary  Negative  Affect  in  their  first  session  of  ther¬ 
apy  had  significantly  flatter  diurnal  cortisol  slopes  (F  (3,17)  =  3.22,  p  <  .05.  Ad¬ 
justed  R2  =  .25).  Primary  Negative  Affect  ( =  -.69,  t  =  -3. 1 1 ,  p  =  .006),  Positive 
Affect  ( =  -.20,  t  =  -.96,  p  =  .35),  Speaking  time  ( =  .25,  t  =  1 .21,  p  =  .24).  In  the 
first  session,  women  often  tell  their  cancer  stories  with  a  great  deal  of  emotional 
expression.  Women  who  do  not  express  negative  affect  when  it  might  be  ex¬ 
pected,  may  be  at  greater  physiological  risk. 

CORRESPONDING  AUTHOR:  Janine  Giese-Davis,  Ph.D.,  401  Quarry  Rd., 
Rm.  2318,  Stanford,  CA  94305-5718 
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IMPACT  OF  CATASTROPHIZING  ON  FATIGUE 
SEVERITY  AND  DISRUPTIVENESS  DURING  BREAST 
CANCER  TREATMENT 

Christina  L.  Thors,  Ph.D.,  Krista  Varkey,  B.A.,  Michael  A.  Andrykowki,  Ph.D., 
and  Paul  B.  Jacobsen,  Ph.D.,  H.  Lee  Moffitt  Cancer  Center,  University  of  South 
Florida  and  University  of  Kentucky  College  of  Medicine 

Fatigue  is  one  of  the  most  frequent  and  distressing  symptoms  experienced  by 
cancer  patients.  Although  their  disease  and  treatment  are  major  factors  contrib¬ 
uting  to  patients'  experience  of  fatigue,  psychological  factors  may  also  play  a 
role.  To  evaluate  this  possibility,  we  tested  the  hypothesis  that  greater  reliance  on 
the  cognitive  coping  strategy  of  catastrophizing  would  be  associated  with 
greater  severity  and  disruptiveness  of  fatigue  over  the  course  of  breast  cancer 
treatment.  Eighty-one  women  (mean  age  =  55  years)  with  Stage  I  or  II  breast 
cancer  being  treated  with  chemotherapy  (n  =  43)  or  radiotherapy  (n  =  38)  were 
assessed  before  the  start  of  treatment  and  at  their  final  treatment.  As  expected, 
greater  use  of  catastrophizing  before  treatment  (measured  using  the  Fatigue 
Catastrophizing  Scale)  was  significantly  (p  <  .01)  associated  with  greater  sever¬ 
ity  and  disruptiveness  of  fatigue  at  the  end  of  treatment  (measured  using  the  Fa¬ 
tigue  Symptom  Inventory).  Moreover,  catastrophizing  remained  a  significant  (p 
=  .013)  predictor  even  after  controlling  statistically  for  severity  and  disruptive¬ 
ness  of  fatigue  measured  before  the  start  of  treatment.  Additional  analyses  indi¬ 
cated  significant  (p<.05)  interactions  between  catastrophizing  and  type  of  treat¬ 
ment;  catastrophizing  appeared  to  have  a  greater  impact  on  fatigue  severity  and 
disruptiveness  for  radiotherapy  patients.  These  results  demonstrate  the  negative 
impact  of  catastrophizing  on  the  experience  of  fatigue,  and  suggest  the  need  for 
development  and  evaluation  of  interventions  designed  to  modify  this  form  of 
coping  in  patients  about  to  undergo  cancer  treatment. 

CORRESPONDING  AUTHOR:  Paul  B.  Jacobsen,  Ph.D.,  MOD3-PSY,  Univer¬ 
sity  of  South  Florida,  12902  Magnolia  Drive,  Tampa,  FL  33612 


Session  31:  Papers 

Paper  Session  #31  11:15  a.m.-l  1 :30  a.m. 

ADHERENCE  TO  A  WRITTEN  EMOTIONAL 
EXPRESSION  INTERVENTION  AMONG  BREAST 
CANCER  PATIENTS 

Lee  Ellington,  Ph.D.*,  University  of  Utah,  I  Lillian  Nail,  Ph.D.,  Oregon  Health 
Sciences  University, 2  Lee  Walker,  PhD.l  Motomi  Mori,  PhD, 2  and  Yi-Ching 
Hsieh,  MS2 

There  has  been  wide  interest  in  the  use  of  emotional  expression  interventions 
(EEI),  particularly  the  use  of  expressive  writing  (Pennebaker),  to  promote  ad¬ 
justment  to  stressors.  Few  EEI  studies  have  examined  adherence  to  writing  in  re¬ 
lation  to  patient  characteristics,  mode  of  intervention  delivery  (take-home),  or 
outcomes.  Our  randomized  trial  comparing  EEI,  Concrete  Objective  Informa¬ 
tion  (COl),  and  Controls  on  adjustment  following  radiation  treatment  (RT)  for 
breast  cancer  (BC),  provides  an  opportunity  to  examine  longitudinal  differences 
among  the  groups  including  adherence/nonadherence  to  EEI. 

259  BC  patients  participated  .  They  were  predominantly  middle-aged  (M=55), 
Caucasian  (82%),  and  married  (66%).  Subjects  were  assigned  to  3  conditions. 
The  attrition  rates  were  as  follows:  COI  and  Controls  (2%);  EEI  (31%  were 
nonadherent).  For  6  months  following  RT,  subjects  rated  disclosure  (DIS)  about 
BC,  positive  affect  (PANAS  State),  and  confidence  in  dealing  with  post  RT  ex¬ 
periences.  Using  generalized  linear  mixed  models,  the  EEI-writers  were  found 
to  be  more  confident  than  Controls  and  EEI-nonwriters  (F  (3,  253)  =4.74,  p 
<.01).  For  DIS,  an  interaction  effect  indicated  that  EEI-nonwriters  disclosed  less 
at  baseline  but  at  6  months,  the  EEI-nonwriters  reported  increased  disclosure 
(F(9,  253)  2.12,  p  =.03).  Additionally,  the  COI,  Controls,  and  EEI-writers  re¬ 
ported  consistent  positive  mood;  whereas,  the  EEI-nonwriters  reported  a  de¬ 
crease  at  4  weeks  which  did  not  return  to  baseline  levels  (F(9, 253)=2. 12,  p=.03). 

ForBC  survivors,  take-home  EEI  shows  adherence  rates  similar  to  lab  studies  and 
led  to  increased  confidence  for  writers.  Our  findings  suggest  that  EEI  is  cost-effec¬ 
tive  and  beneficial.  Characteristics  of  EEI-nonwriters  will  be  discussed. 

CORRESPONDING  AUTHOR:  Lee  Ellington,  Ph.D.,  College  of  Nursing,  Uni¬ 
versity  of  Utah,  10S  2000E  Front,  Salt  Lake  City,  UT  84112-5880 
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THE  ROLE  OF  MONITORING  AND  ANTICIPATED 
BRCA1/2  CARRIER  STATUS  ON  FAMILY 
COMMUNICATION  INTENTIONS  AND  PLANS  AMONG 
WOMEN  WITH  A  HEREDITARY  PATTERN 

K.  Sherman,  S.M.  Miller,  M.  Rodoletz,  J.  Driscoll,  J.  Buzaglo  and  M.  Daly,  Fox 
Chase  Cancer  Center  and  City  West  I.V.F. 

This  study  explored  the  role  of  anticipated  carrier  status  and  attentional  style  on 
intentions  and  plans  for  communicating  BRCA1/2  test  results  among  women 
with  a  putative  hereditary  pattern  of  breast/ovarian  cancer.  Women  (N=196; 
95%  Caucasian;  mean  age  49;  59%  unaffected  with  breast/ovarian  cancer)  pro¬ 
vided  demographic  information  and  completed  the  Monitor-Blunter  Style  Scale 
prior  to  receiving  cancer  risk  counseling  (baseline).  Information  was  also  ob¬ 
tained  on  intentions  to  communicate  risk  feedback  to  family  members  at  base¬ 
line  and  one-week  following  the  donation  of  blood  for  genetic  testing.  At  base¬ 
line,  most  participants  were  certain  they  would  communicate  results  to  their 
family  (71  %)  and  children  (66%),  independent  of  attentional  style  and  potential 
outcome.  Participants  were  more  inclined  to  seek  advice  about  (p<.01),  and 
carefully  plan  for  (p<.01),  communication  of  positive  (versus  negative)  test  re¬ 
sults.  However,  even  when  anticipating  positive  results,  only  41%  reported  seri¬ 
ous  intentions  to  seek  advice  about  or  carefully  plan  their  communication.  Anal¬ 
ysis  of  variance  indicated  that  low  monitors  (who  distract  from  threat-related 
cues)  reported  significantly  less  intentions  to  communicate  positive  test  results 
to  family  members  (p<.01),  and  were  less  likely  to  engage  in  strategic  planning 
(p<.05)  one-week  post-blood  draw  than  high  monitors  (who  scan  for  disease-re¬ 
lated  threats).  Results  suggest  that  women  are  motivated  to  share  their  carrier 
status  with  their  family,  particularly  in  the  case  of  a  positive  result,  but  do  not 
seek  advice  or  strategically  prepare  for  disclosure  of  test  feedback.  Attentional 
style  should  be  considered  when  designing  genetic  testing  counseling  programs. 

CORRESPONDING  AUTHOR:  Suzanne  M,  Miller,  Ph.D.,  Fox  Chase  Cancer 
Center,  7701  Burholme  Ave.,  Philadelphia,  PA  19111 
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HOW  IS  AGE  RELATED  TO  OUTCOMES  FOLLOWING 
BREAST  CANCER  DIAGNOSIS? 

Ann  K.  Sandgren*,  Ph.D.,  Roger  Maris  Cancer  Center;  Kevin  D.  McCaul, 
Ph.D.,  Emily  0.  Sandgren,  Kathleen  M.  Romanek,  B.A.,  and  Shannon  C. 
Erickson,  B.A.,  North  Dakota  State  University 

We  examined  relationships  between  age  and  coping  with  breast  cancer.  Previous 
research  has  produced  conflicting  data  about  whether  younger  or  older  women 
cope  better.  Participants  were  155  women  (97%  Caucasian)  recruited  within  4-6 
weeks  after  diagnosis  (Stage  I  n  =  81;  Stage  II  n  =  56;  Stage  III  n  =18).  Age 
ranged  from  30-84  (M  =  55).  At  baseline  and  again  5-6  months  later,  we  related 
age  to  mood  (the  Profile  of  Mood  States),  quality  of  life  (QOL;  measured  with 
the  FACT-B),  and  avoidant  coping  (from  the  Coping  Response  Indices).  At 
baseline,  older  women  consistently  reported  better  moods  (rs  ranging  from  -.23 
for  fatigue  to  -.37  for  anger;  all  ps  <  .05).  Older  women  also  reported  a  better 
QOL,  with  correlations  ranging  from  .20  (physical  well  being)  to  .33  (emotional 
well  being).  Mood  and  quality  of  life  both  improved  significantly  over  time; 
more  importantly,  the  strength  of  the  age/mood  and  age/QOL  relationships  de¬ 
clined  at  the  follow-up.  Age  was  only  related  to  anger  (r  =  -.28),  depression  (r  = 
-.16),  and  emotional  well  being  (r  =  .22).  Age  was  unrelated  to  avoidant  coping 
at  either  interval  (rs  <  -.12).  Overall,  these  data  suggest  that  age/mood  relation¬ 
ships  depend  on  the  measurement  interval,  and  we  speculate  about  differences 
between  younger  and  older  women  (e.g.,  child  rearing  responsibilities)  that  may 
contribute  to  greater  distress  at  the  time  of  diagnosis. 

Supported  by  NIH  Grant  #  ROl  CA77756 

CORRESPONDING  AUTHOR:  Kevin  D.  McCaul,  Ph.D.,  Department  of  Psy¬ 
chology,  North  Dakota  State  University,  Fargo,  ND  58105  USA 
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HOW  DO  BREAST  CANCER  SURVIVORS  FEEL  ABOUT 
RECURRENCE  RISK? 

Kevin  D,  McCaul,  Ph.D.,  Shannon  C.  Erickson*,  B.A.,  Kathleen  M.  Romanek, 
B.A.,  North  Dakota  State  University;  and  Ann  K.  Sandgren,  Ph.D.,  Roger  Maris 
Cancer  Center 

We  examined  the  beliefs  that  breast  cancer  survivors  have  about  their  risk  of 
breast  cancer  recurrence.  Participants  were  155  women  (97%  Caucasian)  re¬ 
cruited  within  4-6  weeks  of  diagnosis  (Stage  I  n  =  81;  Stage  II  n  =  56;  Stage  III  n 
=18)  and  interviewed  during  treatment  and  5-6  months  later.  On  a  1  (no  chance) 
to  5  (guaranteed  to  happen)  scale,  women  judged  the  chances  that  they  might  re¬ 
develop  breast  cancer  again  sometime  in  their  life.  Scores  were  stable  across 
time  (Ms  =  2.50  and  2.41  at  baseline  and  follow-up).  Women  also  compared 
their  risk  to  other  women  with  breast  cancer  (1  =  much  less;  3  =  the  same;  5  = 
much  greater).  Overall,  they  perceived  their  risk  to  be  smaller  than  others’  (Ms  = 
2.50  and  2.39  at  baseline  and  follow-up).  Cancer  stage  failed  to  predict  judg¬ 
ments  of  absolute  risk,  weakly  predicted  comparative  risk  (r  =  .20  at  baseline,  p 
<  .05),  and  was  unrelated  to  cancer  worries  (e.g.,  about  recurrence  or  dying).  Av¬ 
eraged  across  risk  measures,  greater  perceived  risk  predicted  (ps  <  .05)  greater 
worry  about  recurrence  at  baseline  (r  =  .37)  and  follow-up  (r  =  .25).  Greater  risk 
also  predicted  more  intrusive  thoughts  at  baseline  (r  =  .23)  but  not  at  follow-up. 
Survivor  worries  about  recurrence  may  be  more  dependent  on  their  subjective 
risk  perceptions  than  on  more  objective  predictive  variables  such  as  staging.  We 
need  to  examine  how  health  professionals  communicate  information  about  re¬ 
currence  risk  to  breast  cancer  survivors. 

Supported  by  NIH  Grant  #  ROl  CA77756 

CORRESPONDING  AUTHOR:  Kevin  D.  McCaul,  Ph.D.,  Department  of  Psy¬ 
chology,  North  Dakota  State  University,  Fargo,  ND  58105 


THE  IMPACT  OF  SPIRITUALITY  ON  DESIRE  FOR 
HASTENED  DEATH,  HOPELESSNESS,  AND  QUALITY 
OF  LIFE  IN  TERMINALLY  ILL  CANCER  PATIENTS 

Colleen  S.  McClain,  B.A.*  and  Barry  Rosenfeld,  Ph.D.,  Fordham  University- 
and  William  Breitbart,  M.D.,  Memorial  SIoane-Kettering  Cancer  Center 
Living  with  a  terminal  illness  need  not  be  wrought  with  intense  psychological 
suffering.  Spirituality  may  offer  the  serenity  often  lacking  in  such  times .^The 
goal  of  this  study  was  to  ascertain  the  relationship  between  spiritual  well-bein® 
and  end-of-life  despair  among  a  group  of  terminally  ill  cancer  patients.  The  sam¬ 
ple  consisted  of  186  hospice  patients  with  life  expectancies  of  less  than  6 
months.  Demographics  included  a  mean  age  of  65.05  years,  56%  female,  73.7% 
Caucasian,  19.4%  African  American,  5.9%  Hispanic.  The  primary  independent 
variable  was  the  FACIT  Spiritual  Well-Being  Scale.  The  dependent  variables  in¬ 
cluded  the  Schedule  of  Attitudes  toward  Hastened  Death,  Beck  Hopelessness 
Scale,  and  an  abbreviated  version  of  the  McGill  Quality  of  Life  Questionnaire. 
Results  demonstrated  significant  negative  correlations  (pc.OOl)  between  spiri¬ 
tual  well-being  and  desire  for  hastened  death  and  hopelessness  and  significant 
positive  correlations  (pc.OOl)  between  spiritual  well-being  and  quality  of  life. 
Multiple  regression  analyses  indicated  that  spiritual  well-being  level  is  the 
strongest  predictor  of  the  outcome  variables:  desire  for  death  (beta=~46, 
pc.OOl),  hopelessness  (beta=-.64,  pc.OOl),  and  quality  of  life  (beta=.31, 
p=.001),  contributing  over  and  above  measures  of  depression  and  other  relevant 
variables.  Further  regression  analyses  indicated  a  significant  interaction  be¬ 
tween  spirituality  and  depression  in  predicting  desire  for  hastened  death 
(beta=-.41,  p=.002),  demonstrating  that  spiritual  well-being  acts  as  a  moderat¬ 
ing  variable.  Implications  for  clinical  interventions,  such  as  providing  more  spir¬ 
itual  assessment  and  guidance/exploration,  are  discussed. 

This  research  was  supported  by  a  grant  from  the  National  Institute  for  Nursing 
Research  (NR  05183,  W.  Breitbart,  P.I.)  and  a  grant  from  the  American  Founda¬ 
tion  of  Suicide  Prevention  (B.  Rosenfeld,  P.I.). 
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ENHANCING  ADAPTATION  TO  PROSTATE  CANCER 
RISK  FEEDBACK  AND  SCREENING  ADHERENCE. 

Suzanne  M.  Miller*,  Kerry  Sherman,  Michelle  Rodoletz,  Lisa  Brower,  Michael 
Diefenbach,  Laura  Stanton  and  James  Babb,  Fox  Chase  Cancer  Center 
The  utility  of  a  theory-based  counseling  intervention  for  enhancing  adaptation 
to  prostate  cancer  screening  feedback  among  at-risk  men  was  assessed.  Partici¬ 
pants  (N=62;  mean  age  48;  63%  Caucasian;  71%  married;  52%  college  degree) 
received  a  standard  education  session  and  were  randomized  into  either  a  Cogni¬ 
tive  Affective  Preparation  (CAP)  intervention  promoting  cognitive-affective 
processing  of,  and  preparation  for,  risk  feedback  and  its  consequences  or  a  Gen¬ 
eral  Health  Information  (GHI)  control.  Knowledge,  risk  perceptions,  risk-re¬ 
lated  distress  and  intentions  to  adhere  were  assessed  at  baseline  (risk-assessment 
program  entry),  1-week,  and  6-months  post-screening.  Additionally,  adherence 
to  the  1-year  follow-up  screening  visit  was  assessed.  Upon  entry,  participants 
were  further  categorized  into  high  monitors  (who  attend  to  health  threats)  and 
low  monitors  (who  distract  from  health  threats).  Although  knowledge  was  gen¬ 
erally  high,  many  participants  (71%)  answered  25%  of  baseline  knowledge 
questions  incorrectly.  Knowledge  levels  increased  post-screening  (p<.05),  espe¬ 
cially  for  married  men  (p<.05).  Participants  consistently  underestimated  their 
prostate  cancer  risk,  with  44%  considering  themselves  at  average  or  below  aver¬ 
age  risk  even  at  the  6-month  follow-up.  Analysis  of  variance  (controlling  for  rel¬ 
evant  confounders)  found  that  high  monitors  receiving  CAP  manifested  less 
risk-related  distress  1-week  post-screening  feedback  (p<.05)  and,  over  time, 
greater  intentions  to  adhere  to  follow-up  recommendations  (p<.01).  Conversely, 
low  monitors  displayed  less  risk-related  distress  and  greater  intentions  to  adhere 
when  receiving  GHI.  A  logistic  regression  found  that  higher  levels  of  monitor¬ 
ing  (p=.03;  Wald  c2=4.56)  and  moderate  levels  of  post-screening  distress 
(p=.05;Wald  c2=3.79)  predicted  actual  follow-up  adherence.  Findings  indicate 
the  importance  of  tailoring  health  communications  to  individual  attentional  style 
to  facilitate  adjustment  and  adherence, 
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THE  relationship  between  proactivity  and 
disease  progression  in  als  patients 

Erika  J.  Wolf,  Harvard  University  . 

The  purpose  of  this  research  was  to  investigate  the  relationship  between 
proactive  behaviors  and  disease  progression  in  2  studies  of  Amyotrophic  Lateral 
Sclerosis  (ALS)  patients.  Subjects  in  study  1  (n  =  72, 67%  male,  mean  age  =  53, 
100%  White)  answered  the  Proactivity  Scale  (a  self-report,  3  subscale  inventory 
of  active  coping  behaviors  specific  to  the  ALS  population)  and  the  Revised  ALS 
Functional  Rating  Scale  (ALSFRS-R;  Cedarbaum  et  al.,  1999),  a  self-report 
measure  of  muscle  function.  Subjects  were  grouped  according  to  muscle  func¬ 
tion  and  diagnosis  date.  Four  2X4  ANOVAs  with  planned  contrasts  suggest  that 
patients  in  different  stages  of  the  disease  are  proactive  in  different  ways.  Those 
subjects  with  poor  muscle  function  reported  seeking  medical  information  about 
ALS  significantly  more  than  those  with  better  muscle  function  (p  <  .05).  Sub¬ 
jects  with  poor  muscle  function  and  older  diagnosis  dates  reported  seeking  and 
offering  social  support  within  the  ALS  community  significantly  more  than  other 
groups  (p  <  .05).  Subjects  with  more  muscle  function  were  significantly  more 
likely  to  report  taking  part  in  mainstream  leisure  activities  despite  ALS  (p  <  .05). 
Seven  months  after  study  1 , 23  subjects  participated  in  study  2  by  answering  the 
ALSFRS-R  again.  T-tests  suggest  that  subjects  with  high  study  1  proactivity 
scores  (in  terms  of  seeking  and  offering  social  support  in  the  ALS  community) 
had  less  loss  of  muscle  function  by  the  time  of  study  2  than  subjects  low  in  this 
measure  of  proactivity  (p  <.05).  Key  conclusions  to  be  discussed  include  the  im¬ 
portance  of  population-specific  coping  inventories,  the  interplay  of  disease  stage 
and  coping  behaviors,  and  the  importance  of  ALS  community  social  support  to 
later  muscle  function. 

CORRESPONDING  AUTHOR:  Erika  J.  Wolf,  VA  Boston  Healthcare  System 
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TOWARD  AN  EMPIRICALLY-BASED  MEASURE  OF 
SOCIAL  SUPPORT:  THE  AESSI 

Sheila  Alford,  B.A.,  Leslie  Shaw,  B.S.,  Elwood  Robinson,  Ph.D.,  North 
Carolina  Central  University;  Laura  E.  Dreer,  M.A.,  Patrick  Logue,  Ph.D.,  and 
Christopher  L.  Edwards,  Ph.D.,  Duke  University  Medical  Center 

In  recent  years,  social  support  has  been  found  to  influence  several  medical  and 
psychological  outcomes  in  chronic  pain  management,  oncology,  hematology, 
and  many  others  areas.  Interestingly,  very  few  theoretically-based,  well-vali¬ 
dated,  and  psychometrically  sound  measures  are  available  to  objectively  quan¬ 
tify  social  support.  The  Alford-Edwards  Social  Support  Inventory  (AESSI)  was 
developed  in  response  to  that  need  using  the  empirical  literature,  focus  groups, 
and  consultation  with  mental  health  professionals  with  expertise  in  social  sup¬ 
port.  The  AESSI  is  used  to  assess  satisfaction  with  4  theory-driven  components 
of  social  support  (Emotional,  Instrumental,  Informational,  Comparison)  from  5 
primary  sources  (Spouse/  Significant  Other,  Friends,  Family,  Co-workers,  Other 
Social  Contacts). 

As  part  of  a  larger  IRB -approved  investigation  of  the  factors  that  predict 
postpartum  psychopathology  in  low-income  women,  the  AESSI  was  adminis¬ 
tered  to  13  female  participants  and  raw  scores  were  correlated  with  the  Symp¬ 
toms  Checklist  90-item  Revised  (SCL-9.0-R)  and  the  Edinburgh  Postnatal  De¬ 
pression  Scale  (EPDS)  to  assess  the  measure’s  initial  psychometric  properties. 

Tlie  preliminary  results  indicated  that  the  total  score  on  the  AESSI  correlated 
significantly  with  the  Comparison  (p=.0002),  Instrumental,  Informational,  and 
Emotional  support  subscales  (p=.0001)  as  well  as  the  expressed  degree  of  satis¬ 
faction  with  social  support  from  Friends  (p=.02)  and  Family  (.007).  The  AESSI 
total  score  further  correlated  with  the  Anxiety  (p=.05),  Hostility  (p=.008),  and 
Paranoia  (p=  01)  scales  of  the  SCL-90-R  with  trends  toward  significance  on  the 
Phobic  Anxiety  (p=.09),  Interpersonal  Sensitivity  (p=.09),  and  Depression 
scales  (.07).  The  psychometric  properties  of  the  AESSI  will  be  described  as  sub¬ 
sequent  versions  and  population-specific  norms  are  developed. 

CORRESPONDING  AUTHOR:  Christopher  L.  Edwards,  Duke  University 
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PSYCHOSOCIAL  PREDICTORS  OF  PREGNANCY 
OUTCOME  AMONG  COUPLES  UNDERGOING 
IN-VITRO  FERTILIZATION 

Kerry  A.  Sherman*!,  Ph.D.,  Miranda  Montrone2,  M.A.,  Suzanne  M.  Millerl, 
Ph.D.,  John  Tyler2,  M.D.,  and  Geoff  Driscoll2,  M.D. 

1  Fox  Chase  Cancer  Center,  Philadelphia  and2City  West  I.V.F.,  Sydney,  Australia 
This  study  explored  the  role  of  coping  responses  and  atterifTonal  style  on  preg¬ 
nancy  outcome  following  In-Vitro-Fertilization  (IVF)  treatment  among  Austra¬ 
lian  couples.  Both  members  of  medically  diagnosed  infertile  couples  (N  =  81; 
female:  87%  Caucasian,  mean  age  33;  male:  94%  Caucasian,  mean  age  34)  pro¬ 
vided  demographic  information  and  completed  the  Brief  COPE  and  the  Monitor 
Blunter  Style  Scale  prior  to  commencing  their  first  IVF  treatment  cycle  at  an 
Australian  clinic.  Pregnancy  outcome  was  determined  through  the  clinic  medi¬ 
cal  records  for  each  couple  six  months  following  commencement  of  treatment. 
Forty-seven  percent  of  couples  had  become  pregnant.  Chi-squared  analyses  in¬ 
dicated  that  among  women,  humor  as  a  coping  strategy  (p<.05),  and  among 
men,  lower  intrusive  ideation  (p<.05),  were  associated  with  higher  pregnancy 
rates.  Further,  low  monitoring  women  (who  distract  from  threat-related  cues) 
utilizing  humor  (p<.05)  were  more  likely  to  become  pregnant,  versus  those  not 
utilizing  humor.  Logistic  regression  analyses  were  computed  to  determine  the 
best  predictors  of  pregnancy  outcome.  Use  of  humor  (p<.05)  for  women  as  a 
coping  response  was  the  only  significant  predictor  of  pregnancy,  with  a  trend  for 
low  monitoring  attentional  style  being  predictive  of  pregnancy.  Lower  levels  of 
intrusive  ideation  in  men  was  also  a  significant  predictor  of  pregnancy  (pc.Ol). 
Results  suggest  that  coping  responses  of  both  members  of  a  couple  are  important 
factors  influencing  pregnancy  outcome  in  IVF  treatment  for  women.  Therefore, 
the  attentional  style  and  coping  responses  of  couples  need  to  be  considered  when 
designing  infertility  treatment  counseling  programs. 

CORRESPONDING  AUTHOR:  Kerry  A.  Sherman,  Ph.D.,  Department  of  Be¬ 
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HYPOTHALAMIC-PITUITARY- ADRENAL  AXIS  AND 
PSYCHIATRIC  SYMPTOMS  IN  MEN:  CORTISOL,  DHEA, 
AND  THE  CORTIS  OL/DEHYDROEPI ANDROSTERONE 
RATIO 

Elizabeth  A.  Shirtcliff,  Douglas  A.  Granger,  and  Alan  Booth,  The  Pennsylvania 
State  University 

I.Objective.  Clinical,  behavioral,  and  experimental  findings  suggest  that  individ¬ 
ual  differences  in  the  activity  of  the  hypothalamic-pituitary-adrenal  axis  (i.e., 
cortisol)  are  linked  to  abnormal  cognitive  and  emotional  problems  associated  with 
depression  and  anxiety.  We  evaluate  the  nature  and  magnitude  of  the  effects  of 
DHEA(s),  an  anti-glucocorticoid  produced  by  the  HPA  axis,  on  these  symptoms 
modeling  relationships  with  the  cortisol/DHEA(s)  ratio.  II.  Method.  We  investi¬ 
gated  this  effect  in  a  large  random  sample  (n = 4,378)  of  men  ages  30  to  48  who  re¬ 
ceived  a  psychiatric  interview,  medical  exam,  and  had  AMblood  samples  assayed 
for  cortisol  and  DHEA(s).  III.  Results.  Analysis  revealed  curvilinear  associations 
between  the  cortisol/DHEA(s)  ratio  and  symptoms  of  phobia,  panic,  depression, 
and  antisocial  behavior,  with  risk  of  symptoms  increasing  only  when  cortisol  lev¬ 
els  were  very  high  relative  to  DHEA(s)  levels.  The  relationship  between  the 
cortisoPDHEA(s)  ratio  and  symptomatology  was  independent  of  current  health 
status,  unemployment,  marital  status,  and  body  mass.  On  the  other  hand,  there  was 
no  evidence  that  higher  DHEA  levels  alone,  or  higher  DHEA  levels  relative  to 
cortisol  levels  associated  with  low  levels  of  psychiatric  symptoms  IV.  Conclusion. 
Our  knowledge  about  relationships  between  the  HPA  axis  activation  and  abnor¬ 
mal  cognitive  and  emotional  processes  may  have  been  obscured  by  the  almost  ex¬ 
clusive  reliance  on  cortisol  to  operationalize  the  dynamic,  integrated,  and  syner¬ 
gistic  nature  of  the  HPA  axis  in  prior  studies.  Our  observations  also  suggest  that 
blanket  self-prescription  of  DHEA  may  not  improve  psychological  well-being  in 
the  majority  of  individuals.  Supplementation  might  have  the  most  beneficial  ef¬ 
fects  when  cortisol  levels  are  very  high  relative  to  endogenous  levels  of  DHEA. 
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ATTENTIONAL  STYLE  AND  ADJUSTMENT  TO  PARTICIPATION  IN  GENETIC 
TESTING  FOR  INHERITED  BREAST  AND  OVARIAN  CANCER  RISK 

Miller,  S.M.*,  Driscoll,  J.L,  Rodoletz,  M.,  Sherman,  K.A.,  Buzaglo,  J.S.,  Daly,  M„  Godwin,  A., 
&  Babb,  J. 

Fox  Chase  Cancer  Center,  7701  Burholme  Avenue,  Philadelphia,  PA,  USA 

Guided  by  the  Cognitive-Social  Health  Information  Processing  (C-SHIP)  model,  this  study 
focused  on  the  psychosocial  factors  involved  in  decision-making  for  BRCA  genetic  testing 
among  women  (N=281)  undergoing  genetic  counseling  because  of  a  putative  hereditary  family 
history  of  breast  and/or  ovarian  cancer.  We  explored  whether  high  monitors  (who  scan  for  and 
amplify  disease-related  threats)  differed  in  their  cognitive  and  affective  reactions  to  testing  in 
comparison  with  low  monitors  (who  typically  distract  from  threat-related  cues).  Participants 
attended  an  initial  group  breast  and  ovarian  cancer  educational  session,  followed  by  an 
individualized  cancer-risk-counseling  session.  Psychosocial  assessments  were  completed  prior  to 
each  session  and  one  week  following  the  decision  to  donate  blood  for  genetic  testing.  Outcomes 
included  satisfaction  with  the  decision  to  donate  blood  and  disease-related  intrusive  and  avoidant 
ideation,  as  measured  by  the  Revised  Impact  of  Events  Scale  (RIES).  The  majority  of  the 
sample  (60%)  were  unaffected  relatives  and  well-educated,  with  67%  having  at  least  a  college 
education.  The  average  age  was  47  years  (SD=12).  There  were  no  significant  differences  in  the 
decision  to  donate  blood  based  on  attentional  style,  with  95%  providing  a  blood  sample. 
However,  high  monitors  were  more  satisfied  with  their  decision  to  donate  blood  one-week  post¬ 
blood  draw  than  were  low  monitors  (p<05).  Nonetheless,  high  monitors  displayed  greater 
disease-specific  intrusive  (p<.05)  and  avoidant  (p<.01)  ideation  than  low  monitors  did.  These 
results  suggest  that  it  is  important  to  design  counseling  and  outreach  educational  programs  that 
are  tailored  to  the  individual’s  coping  style.  Ongoing  research  seeks  to  extend  these  findings  to  a 
sample  of  low  income,  minority  women. 
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THE  ROLE  OF  MONITORING  AND  ANTICIPATED  BRCA1/2  CARRIER  STATUS  ON 
FAMILY  COMMUNICATION  AMONG  WOMEN  WITH  A  HEREDITARY  PATTERN 


Suzanne  M.  Miller,  Kerry  Sherman,  Michelle  Rodoletz,  Joanne  Buzaglo,  Jennifer  Driscoll 
Mary  Daly,  Andrew  Godwin,  &  James  Babb,  Fox  Chase  Cancer  Center 


This  study  explored  the  role  of  anticipated  carrier  status  and  attentional  style  on  intentions  and 
plans  for  communicating  BRCA1/2  test  results  among  women  with  a  putative  hereditary  pattern 
of  breast/ovarian  cancer.  Women  (N=196;  95%  Caucasian;  mean  age  49;  59%  unaffected  with 
breast/ovarian  cancer)  provided  demographic  information  and  completed  the  Monitor-Blunter 
Style  Scale  prior  to  receiving  cancer  risk  counseling  (baseline).  Information  was  also  obtained 
on  intentions  to  communicate  risk  feedback  to  family  members  at  baseline  and  one-week 
following  the  donation  of  blood  for  genetic  testing.  At  baseline,  most  participants  were  certain 
they  wou  d  communicate  results  to  their  family  (71%)  and  children  (66%),  independent  of 
attentional  style  and  potential  outcome.  Participants  were  more  inclined  to  seek  advice  about 
(IK.01),  and  carefully  plan  for  (p<.01),  communication  of  positive  (versus  negative)  test  results 
However  even  when  anticipating  positive  results,  only  41%  reported  serious  intentions  to  seek 
advice  about  or  carefully  plan  their  communication.  Analysis  of  variance  indicated  that  low 
monitors  (who  distract  from  threat-related  cues)  reported  significantly  less  intentions  to 
communicate  positive  test  results  to  family  members  (p<.01),  and  were  less  likely  to  engage  in 
strategic  planning  (p<.05)  one-week  post-blood  draw  than  high  monitors  (who  scan  for  disease- 
related  threats).  Results  suggest  that  women  are  motivated  to  share  their  carrier  status  with  their 
amily,  particularly  in  the  case  of  a  positive  result,  but  do  not  seek  advice  or  strategically  prepare 

for  disclosure  of  test  feedback.  Attentional  style  should  be  considered  when  designing  genetic 
testing  counseling  programs.  6  B 
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PROSTATE  CANCER  RISK  ASSESSMENT:  ENHANCING  PARTICIPATION  AND 
ADAPTATION 


Miller,  S.M.,  Sherman,  K.,  Rodoletz,  M.,  Brower,  L.,  Diefenbach,  M.,  &  Bruner,  D. 

The  utility  of  a  theory-based  intervention  to  enhance  on-going  participation  in,  and 
adaptation  to,  a  Prostate  Cancer  Risk  Assessment  Program  (PRAP)  was  assessed.  High- 
risk  men  (N=62;  M  age  48;  63%  Caucasian;  71%  married;  52%  college  degree)  received 
education  and  either  Cognitive-Affective  Preparation  (CAP),  to  promote  in-depth 
processing  of,  and  preparation  for,  risk  feedback/disease  management,  or  a  General 
Health  Information  (GHI)  control.  Participants  were  categorized  into  high  monitors 
(attend  to  health  threats)  and  low  monitors  (distract  from  health  threats).  The  majority  of 
participants  (71%)  answered  25%  of  baseline  knowledge  questions  incorrectly. 
Knowledge  improved  post-screening,  especially  for  married  men  (p<.05).  Men 
consistently  underestimated  their  prostate  cancer  risk,  with  44%  believing  they  were 
below  average  to  average  risk,  even  at  6-months.  High  monitors  receiving  CAP  had  less 
distress  1-week  post-feedback  (gc.05)  and,  over  time,  greater  intentions  to  adhere  (pc.Ol) 
than  high  monitors  receiving  the  GHI.  Conversely,  low  monitors  had  less  distress  and 
greater  intentions  when  receiving  GHI  versus  CAP.  High  monitoring  (p=03)  and 
moderate  post-feedback  distress  (p=.05)  predicted  actual  adherence  at  1-year  follow-up. 
Tailored  communications  facilitate  adaptation  to  risk  feedback  and  adherence. 
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THE  ROLE  OF  MONITORING  AND  ANTICIPATED  BRCA1/2  CARRIER  STATUS  ON 
FAMILY  COMMUNICATION  INTENTIONS  AND  PLANS  AMONG  WOMEN  WITH  A 
HEREDITARY  PATTERN  FOR  BREAST/OVARIAN  CANCER. 

Suzanne  M.  Miller,  Kerry  Sherman,  Michelle  Rodoletz,  Joanne  Buzaglo,  Jennifer  Driscoll  Mary 
Daly,  Andrew  Godwin,  &  James  Babb,  Fox  Chase  Cancer  Center 

This  study  explored  the  role  of  anticipated  carrier  status  and  attentional  style  on  intentions  and 
plans  for  communicating  BRCA1/2  test  results  among  women  with  a  putative  hereditary  pattern 
of  breast/ovarian  cancer.  Women  (N=196;  95%  Caucasian;  mean  age  49;  59%  unaffected  with 
breast/ovarian  cancer)  provided  demographic  information  and  completed  the  Monitor-Blunter 
Style  Scale  prior  to  receiving  cancer  risk  counseling  (baseline).  Information  was  also  obtained 
on  intentions  to  communicate  risk  feedback  to  family  members  at  baseline  and  one-week 
following  the  donation  of  blood  for  genetic  testing.  At  baseline,  most  participants  were  certain 
they  would  communicate  results  to  their  family  (71%)  and  children  (66%),  independent  of 
attentional  style  and  potential  outcome.  Participants  were  more  inclined  to  seek  advice  about 
(pc.Ol),  and  carefully  plan  for  (pc.Ol),  communication  of  positive  (versus  negative)  test  results. 
However,  even  when  anticipating  positive  results,  only  41%  reported  serious  intentions  to  seek 
advice  about  or  carefully  plan  their  communication.  Analysis  of  variance  indicated  that  low 
monitors  (who  distract  from  threat-related  cues)  reported  significantly  less  intentions  to 
communicate  positive  test  results  to  family  members  (p<.01),  and  were  less  likely  to  engage  in 
strategic  planning  (p<.05)  one-week  post-blood  draw  than  high  monitors  (who  scan  for  disease- 
related  threats).  Results  suggest  that  women  are  motivated  to  share  their  carrier  status  with  their 
family,  particularly  in  the  case  of  a  positive  result,  but  do  not  seek  advice  or  strategically  prepare 
for  disclosure  of  test  feedback.  Attentional  style  should  be  considered  when  designing  genetic 
testing  counseling  programs. 
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ENHANCING  ADAPTATION  TO  AND  PARTICIPATION  IN  PROSTATE  CANCER  RISK 
PROGRAMS 

Suzanne  M.  Miller,  Kerry  Sherman,  Michelle  Rodoletz,  Lisa  Brower,  Michael  Diefenbach,  Laura 
Stanton,  Behavioral  Medicine,  &  James  Babb,  Biostatistics,  Fox  Chase  Cancer  Center, 
Philadelphia,  PA 

The  utility  of  a  theory-based  counseling  protocol  to  enhance  adaptation  to  and  ongoing 
participation  in  a  Prostate  Cancer  Risk  Assessment  Program  (PRAP)  was  assessed.  Men  at 
increased  risk  (N=62;  M  age  48;  63%  Caucasian;  71%  married;  52%  college  degree)  received 
PRAP  education  and  either  a  Cognitive-Affective  Preparation  (CAP)  intervention  promoting  in- 
depth  processing  of,  and  preparation  for,  risk  feedback  and  management  or  a  General  Health 
Information  (GHI)  control.  Knowledge,  risk  perceptions,  risk-related  distress  and  intentions  to 
adhere  were  assessed  upon  entry,  and  1-week  and  6-months  post-feedback.  At  entry, 
participants  were  also  categorized  into  high  monitors  (who  attend  to  health  threats)  and  low 
monitors  (who  distract  from  health  threats).  Additionally,  adherence  to  1  -year  follow-up  screening 
was  assessed.  The  majority  of  men  (71%)  answered  25%  of  baseline  knowledge  questions 
incorrectly.  Knowledge  levels  increased  post-screening  (pc. 05),  especially  for  married  men 
(pc. 05).  Prostate  cancer  risk  was  consistently  underestimated,  with  44%  endorsing  an  average  or 
below  average  risk  even  at  6-month  follow-up.  An  ANOVA  found  high  monitors  receiving  CAP 
had  less  distress  1-week  post-feedback  (p<.05)  and,  over  time,  greater  intentions  to  adhere  to 
follow-up  (p<.01).  Conversely,  low  monitors  had  less  distress  and  greater  intentions  to  adhere 
when  receiving  GHI.  Logistic  regression  revealed  high  levels  of  monitoring  (p=.03)  and  moderate 
levels  of  post-feedback  distress  (p=.05)  predicted  adherence.  Tailoring  communications  to 
attentional  style  may  facilitate  adaptation  to  prostate-cancer  risk  and  program  adherence. 
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COPING  STRATEGIES  AND  PREGNANCY  OUTCOME  AMONG  COUPLES 
UNDERGOING  IN-VITRO  FERTILIZATION 

Kerry  A.  Sherman*1,  Ph.D.,  Miranda  Montrone2,  M.A.,  John  Tyler2,  M.D.,  Geoff 
Driscoll  ,  M.D.,  &  Suzanne  M.  Miller1,  Ph.D. 

'Fox  Chase  Cancer  Center,  Philadelphia,  U.S.A. 

2City  West  I.V.F.,  Sydney,  AUSTRALIA. 

This  study  explored  the  role  of  coping  responses  and  attentional  style  on  pregnancy 
outcome  following  In-Vitro-Fertilization  (IVF)  treatment  among  Australian  couples. 
Both  members  of  medically  diagnosed  infertile  couples  (N  =  81;  female:  87%  Caucasian, 
mean  age  33;  male:  94%  Caucasian,  mean  age  34)  provided  demographic  information 
and  completed  the  Brief  COPE  and  the  Monitor  Blunter  Style  Scale  prior  to  commencing 
their  first  IVF  treatment  cycle  at  an  Australian  clinic.  Pregnancy  outcome  was 
determined  through  the  clinic  medical  records  for  each  couple  six  months  following 
commencement  of  treatment.  Forty-seven  percent  of  couples  had  become  pregnant.  Chi- 
squared  analyses  indicated  that  among  women,  humor  as  a  coping  strategy  (p<.05),  and 
among  men,  greater  intrusive  ideation  (p<.05),  were  associated  with  higher  pregnancy 
rates.  Further,  low  monitoring  women  (who  distract  from  threat-related  cues)  utilizing 
humor  (g<.05)  were  more  likely  to  become  pregnant,  versus  those  not  utilizing  humor. 
Logistic  regression  analyses  were  computed  to  determine  the  best  predictors  of 
pregnancy  outcome.  Use  of  humor  (p<.05)  for  women  as  a  coping  response  was  the  only 
significant  predictor  of  pregnancy,  with  a  trend  for  low  monitoring  attentional  style  being 
predictive  of  pregnancy.  Higher  levels  of  intrusive  ideation  in  men  was  also  a  significant 
predictor  of  pregnancy  (pc.Ol).  Results  suggest  that  coping  responses  of  both  members 
of  a  couple  are  important  factors  influencing  pregnancy  outcome  in  IVF  treatment  for 
women.  Therefore,  the  attentional  style  and  individual  coping  responses  of  couples  need 
to  be  considered  when  designing  infertility  treatment  counseling  programs. 
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ENHANCING  PARTICIPATION  IN  AND  ADAPTATION  TO  PROSTATE  CANCER 
RISK  ASSESSMENT  PROGRAMS  AND  SCREENING  ADHERENCE 
SM  Miller,  KA  Sherman,  M  Rodoletz,  L  Brower,  MA  Diefenbach,  L  Stanton,  D  Bruner 
Purpose:  The  utility  of  a  theory-based  counseling  intervention  for  improving  ongoing 
participation  in  prostate  cancer  risk  assessment  programs  and  adaptation  to  screening 
feedback  among  at-risk  men  was  assessed.  Methods:  Participants  (N=62;  mean  age  48; 
63%  Caucasian;  71%  married;  52%  college  degree)  received  a  standard  education  session 
and  were  randomized  into  either  a  Cognitive  Affective  Preparation  (CAP)  intervention 
promoting  cognitive-affective  processing  of,  and  preparation  for,  risk  feedback  and  its 
consequences  or  a  General  Health  Information  (GHI)  control.  Knowledge,  risk 
perceptions,  risk-related  distress  and  intentions  to  adhere  were  assessed  at  baseline  (risk- 
assessment  program  entry),  1-week,  and  6-months  post-screening.  Additionally, 
adherence  to  the  1-year  follow-up  screening  visit  was  assessed.  Upon  entry,  participants 
were  further  categorized  into  high  monitors  (who  attend  to  health  threats)  and  low 
monitors  (who  distract  from  health  threats).  Results:  Although  knowledge  was  generally 
high,  the  majority  of  participants  (71%)  answered  25%  of  baseline  knowledge  questions 
incorrectly.  Knowledge  levels  increased  post-screening  (p<.05),  especially  for  married 
men  (pc.05).  Participants  consistently  underestimated  their  prostate  cancer  risk,  with 
44%  considering  themselves  at  average  or  below  average  risk,  even  at  the  6-month 
follow-up.  Analysis  of  variance  (controlling  for  relevant  confounders)  found  that  high 
monitors  receiving  CAP  manifested  less  risk-related  distress  1-week  post-screening 
feedback  (p<.05)  and,  over  time,  greater  intentions  to  adhere  to  follow-up 
recommendations  (pc.Ol).  Conversely,  low  monitors  displayed  less  risk-related  distress 
and  greater  intentions  to  adhere  when  receiving  GHI.  A  logistic  regression  found  that 
higher  levels  of  monitoring  (p=03)  and  moderate  levels  of  post-screening  distress 
u  iu  predicted  actual  follow-up  adherence.  Conclusions:  Findings  indicate  tailoring 
health  communications  to  individual  attentional  style  may  facilitate  psychological 
a  justment  to  prostate  cancer  risk  assessment  and  adherence  to  recommended  screening. 
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PSYCHOSOCIAL  PREDICTORS  OF  PREGNANCY  OUTCOME  AMONG  COUPLES 
UNDERGOING  IN-VITRO  FERTILIZATION 


KA  Sherman,  M  Montrone,  J  Tyler,  G  Driscoll,  SM.  Miller,  J.  Knowles. 

Purpose:  This  study  explored  the  role  of  coping  responses  and  attentional  style  on 
pregnancy  outcome  following  In-Vitro-Fertilization  (IVF)  treatment  among  Australian 
couples.  Methods:  Both  members  of  medically  diagnosed  infertile  couples  (N  =  81; 
female:  87%  Caucasian,  mean  age  33;  male:  94%  Caucasian,  mean  age  34)  provided 
demographic  information  and  completed  the  Brief  COPE  and  the  Monitor  Blunter  Style 
Scale  prior  to  commencing  their  first  IVF  treatment  cycle  at  an  Australian  clinic. 
Pregnancy  outcome  was  determined  through  the  clinic  medical  records  for  each  couple 
six  months  following  commencement  of  treatment.  Results:  Forty-seven  percent  of 
couples  had  become  pregnant.  Chi-squared  analyses  indicated  that  among  women, 
humor  as  a  coping  strategy  (pc. 05),  and  among  men,  higher  intrusive  ideation  (pc.05), 
were  associated  with  higher  pregnancy  rates.  Further,  low  monitoring  women  (who 
distract  from  threat-related  cues)  utilizing  humor  (pc.05)  were  more  likely  to  become 
pregnant,  versus  those  not  utilizing  humor.  Logistic  regression  analyses  were  computed 
to  determine  the  best  predictors  of  pregnancy  outcome.  Use  of  humor  (pc.05)  for  women 
as  a  coping  response  was  the  only  significant  predictor  of  pregnancy,  with  a  trend  for  low 
monitoring  attentional  style  being  predictive  of  pregnancy.  Greater  levels  of  intmsive 
ideation  in  men  was  also  a  significant  predictor  of  pregnancy  (pc.01).  Conclusions: 
Results  suggest  that  coping  responses  of  both  members  of  a  couple  are  important  factors 
influencing  pregnancy  outcome  in  IVF  treatment  for  women.  Therefore,  the  attentional 
style  and  coping  responses  of  couples  need  to  be  considered  when  designing  infertility 
treatment  counseling  programs. 
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ABSTRACT 

Purpose.  Since  most  of  the  research  about  the  uptake  and  impact  of  risk  assessment 
programs  has  focused  on  Caucasian  women,  little  data  are  available  to  guide  the  implementation 
of  these  programs  specifically  addressing  the  unique  needs  of  African  American  women. 
Further,  no  published  reviews  have  yet  integrated  the  cognitive-affective  and  social  support 
constructs  that  predict  participation  in  breast  cancer  screening  among  African  American  women. 
In  this  paper  we  outline  two  unifying  theoretical  framework,  the  Cognitive-Social  Health 
Information  Processing  (C-SHIP),  for  understanding  genetic  risk  assessment  participation  and 
breast  screening  behaviors  among  African  American  women. 

Description  of  the  Study.  The  influence  of  each  of  the  four  distinctive  cognitive- 
emotional  processes  that  underlie  the  information  processing  of  cancer  risk  information  on  the 
uptake  of  genetic  testing  and  screening  participation  among  African  American  women  is 
explored.  These  include:  1)  individuals’  self-construals  of  their  risk,  including  their  knowledge 
levels  and  perceived  risk;  2)  their  expectancies  about  the  benefits  and  limitations  of  specific 
cancer-related  actions;  3)  their  health  values  (e.g.,  fatalistic  attitudes  about  cancer);  and,  4) 
cancer-specific  emotional  distress.  Using  the  Social  Network  approach,  the  effect  of  social 
support,  involving  actual  or  perceived  exchanges  of  emotional  (e.g.,  esteem,  trust),  appraisal 
(e.g.,  affirmation,  social  comparison),  informational  (e.g.,  advice,  directives)  and  instrumental 
support,  are  examined  as  influences  on  participation  by  black  women  in  risk  assessment 
programs  and  surveillance  for  breast  cancer. 

Results.  The  accuracy  of  risk  perceptions  among  average  risk  African  American 
woman  is  not  related  to  breast  cancer  screening  adherence.  However,  among  at-risk  women, 
accurate  knowledge  of  breast  cancer  risk  is  associated  with  screening  practices,  albeit  at  less  than 
recommended  frequencies. 

Beliefs  that  early  detection  can  lead  to  cure  of  breast  cancer,  and  belief  in  taking  charge 
of  one’s  own  health  are  associated  with  increased  mammography  utilization,  while  perceived 
barriers  related  to  mammography  (e.g.,  fear  of  radiation,  perceptions  of  lack  of  healthcare 
access)  are  associated  with  decreased  mammography  use. 

Within  the  genetic  risk  assessment  context,  fatalistic  thinking  among  African  Americans 
concerning  the  inevitability  of  cancer  diagnosis  is  related  to  low  levels  of  interest  and  low 
likelihood  of  participation  in  such  programs. 

Under  routine  stress  conditions,  high  monitors  (who  are  more  attentive  to  health  threats) 
demonstrate  increased  adherence  to  recommended  screening  regimens.  Under  conditions  of  high 
threat  (e.g.,  feedback  of  an  abnormal  screening  result),  however,  high  monitors  respond  with 
heightened  levels  of  risk-related  anxiety  and  avoidance. 

Considerable  evidence  supports  the  importance  of  the  social  support  system  (i.e.,  family, 
friends,  physicians)  in  enhancing  risk  assessment  decisions  and  in  increasing  breast  screening 
adherence  among  African  American  women. 

Implications.  Counseling  strategies  may  be  more  effective  if  they  are  systematically 
tailored  to  the  specific  cognitive  and  affective  profiles  of  African  American  women  as  they 
decide  about  participating  in  risk  assessment  programs  and  adhering  to  breast  cancer  screening 
regimens.  Concomitantly,  the  social  support  networks  within  which  African  American  women 
live  could  be  mobilized  to  encourage  the  understanding  of  risk  and  to  develop  community  norms 
that  encourage  longer-term  adherence  and  more  informed  decisions. 
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BREAST  CANCER  INCIDENCE,  MORTALITY  AND  SURVEILLANCE  AMONG 

AFRICAN-AMERICANS 

It  is  estimated  that  203,500  women  will  be  diagnosed  with  breast  cancer  in  2002  and 
40,000  women  will  die  from  the  disease  (1).  Although  Caucasians  are  more  likely  to  develop 
breast  cancer  (i.e.,  115.5  cases  for  every  100,000  Caucasian  women,  compared  with  101.5 
African  American  cases),  African  American  women  are  more  likely  to  die  from  the  disease  (2,3). 
It  is  well  documented  that  inadequate  cancer  screening  leads  to  later  stage  disease  (4). 

Higher  mortality  rates  among  African  American  women  may  be  due,  in  part,  to  the  fact 
that  they  are  less  likely  to  adhere  to  breast  screening  recommendations  (4,  5),  particularly  among 
older  women  (6,  7  ),  and  that  they  more  often  delay  seeking  treatment  in  the  presence  of 
symptoms  (8).  Incidence  of  poor  mammography  adherence  is  particularly  prevalent  among  low 
income  and  underinsured  women  (9).  While  breast  cancer  screening  rates  among  African 
American  women  have  risen  in  recent  years,  they  are  still  below  optimal  levels  (10).  Thus,  one 
factor  accounting  for  differential  morbidity  and  mortality  rates  among  African  American  and 
Caucasian  women  may  be  variations  in  breast  cancer  screening  adherence,  with  African 
Americans  more  likely  to  be  among  the  lower  income,  less  educated,  and  inadequately  insured 
group  (11,  12). 

In  addition  to  the  availability  of  screening  regimens,  the  recent  discovery  and 
identification  of  the  BRCA1  and  2  genes  associated  with  inherited  susceptibility  to  breast  and 
ovarian  cancer  has  led  to  the  implementation  of  breast  cancer  familial  risk  assessment  programs. 
BRCA1/2  mutations  account  for  approximately  5%  of  breast  cancer  cases  (1),  and  confer  an 
estimated  range  from  36-85%  lifetime  risk  of  developing  breast  cancer,  and  a  16-60%  lifetime 
risk  for  ovarian  cancer  (13).  Recent  investigations  of  BRCA1/2  mutations  in  African  American 
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populations  have  identified  similar  rates  of  these  mutations  as  have  been  previously  identified  in 
Caucasian  populations  (14,  15).  Familial  risk  assessment  programs  generally  entail  cancer  risk 
education,  personal  pedigree  feedback,  genetic  risk  assessment  for  putative  hereditary  cases,  and 
individualized  screening  recommendations. 

African  American  women  are  notably  under-represented  in  familial  risk  programs, 
compared  with  Caucasian  women  (12,16).  Even  when  African  American  women  participate  in 
these  programs,  they  appear  to  derive  less  benefit  from  their  participation  compared  with 
Caucasian  women.  For  example,  one  study  (16)  found  that  African  American  women  did  not 
exhibit  as  large  an  increase  in  their  levels  of  pros  about  risk  assessment  nor  as  substantial  a 
decrease  in  their  levels  of  cons  about  assessment,  versus  white  women  after  risk  assessment 
counseling.  One  explanation  for  these  results  is  that  assessment  programs  have  been  created  in  a 
generic  fashion,  failing  to  consider  unique  barriers  and  facilitators  to  assessment  for  African 
American  women  (12).  Since  most  of  the  research  about  the  uptake  and  impact  of  risk 
assessment  programs  has  focused  on  Caucasian  women,  little  data  are  available  to  guide  the 
implementation  of  risk  assessment  programs  specifically  addressing  the  unique  needs  of  African 
American  women.  Similarly,  although  several  comprehensive  reviews  have  isolated  the  major 
predicators  of  breast  cancer  screening  among  African  American  women  (17,18,19,20,21),  the 
findings  have  not  been  incorporated  within  a  unifying  theoretical  framework. 

In  this  paper  we  outline  The  Cognitive-Social  Health  Information  Processing  (C-SHIP) 
model  for  understanding  genetic  risk  assessment  participation  and  breast  screening  behaviors 
among  African  American  women.  We  review  the  cognitive-affective  factors  that  account  for 
variability  in  women’s  responses  to  cancer  risk,  both  in  terms  of  adherence  to  cancer  screening 
and  in  interest  in  genetic  risk  assessment  participation.  We  then  provide  two  integrative 
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perspectives  on  this  literature  by  focusing  on  signature  attentional  styles  of  processing  health- 
related  information  (i.e.,  high  versus  low  monitoring)  and  the  social  network  model.  Finally,  we 
discuss  implications  of  these  findings  and  future  directions  to  address  breast  screening  adherence 
and  genetic  risk  assessment  participation  among  African  American  women. 

A  COGNITIVE-SOCIAL  THEORY  FOR  BREAST  CANCER  SURVEILLANCE 

BEHAVIOR 

The  Cognitive-Social  Health  Information-Processing  model  (C-SHIP;  22)  is  a  broad 
theoretical  framework  that  informs  the  design  and  assessment  of  behavior  change  treatments  in 
the  context  of  cancer  prevention  and  control  (23).  The  model  postulates  that  individuals  can  be 
characterized  by  their  cognitive  and  affective  responses  to  health-relevant  threats,  and  it  is  these 
responses  that  determine  their  dispositional  tendencies  or  “behavioral  signatures”  towards  health¬ 
enhancing  vs.  health-diminishing  behaviors  (24,  25).  The  C-SHIP  model  has  been  widely  used  to 
conceptualize  behavior  change  in  diverse  health  contexts,  including  cancer  risk  (22, 25, 26). 

According  to  the  model,  there  are  four  distinctive  cognitive-emotional  processes  that 
underlie  the  information  processing  of  cancer  risk  information:  1)  individuals’  self-construals  of 
their  risk,  including  their  knowledge  levels  and  perceived  risk;  2)  their  expectancies  about  the 
benefits  and  limitations  of  specific  cancer-related  actions;  3)  their  health  values  (e.g.,  fatalistic 
attitudes  about  cancer);  and,  4)  cancer-specific  emotional  distress.  Each  of  the  four  C-SHIP 
cognitive-emotional  processes  will  now  be  systematically  reviewed  with  respect  to  breast 
screening  and  genetic  risk  assessment  related  behaviors  among  African  American  women. 
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Breast  Cancer  Related  Self-Construals:  Knowledge  and  Perceived  Risk 

Women  who  lack  sufficient  knowledge  of  available  surveillance  regimens  cannot  take 
advantage  of  them  (e.g.,  27).  Mammography  adherence  is  generally  related  to  knowledge  about 
breast  cancer  risk  and  recommendations,  such  that  higher  levels  of  knowledge  predict  greater 
utilization  (28,  29,  30,  31).  Among  African  American  women,  levels  of  breast  cancer  related 
knowledge  are  generally  low.  Therefore,  it  is  not  surprising  that  adherence  to  screening 
recommendations  is  less  than  optimal  for  these  women  (5,32). 

Perceived  risk  for  breast  cancer  is  another  factor  that  influences  participation  in  risk 
assessment  and  screening  programs  among  African  American  women.  Studies  examining 
perceived  risk  for  breast  cancer  among  African  American  women  at  average  risk  for  breast 
cancer  have  yielded  inconsistent  results.  Although  there  is  some  evidence  for  underestimation  of 
risk  (33,  34),  on  balance,  there  is  more  evidence  to  suggest  that  African  American  women 
overestimate  their  risk  for  breast  cancer  relative  to  Caucasian  and  Hispanic  women  (12;  35,  36). 
Further,  among  at-risk  African  American  women  with  a  family  history  of  breast  cancer, 
perceived  breast  cancer  risk  is  greater  than  for  average  risk  African  American  women  (37),  but 
lower  than  for  at-risk  Caucasian  women  (38,  67).  Increased  perceptions  of  risk  have  been  linked 
with  increased  worries  about  the  affected  relative,  and  younger  age  among  women  at  increased 
risk  for  breast  cancer  (38,35,39).  Inaccurate  risk  estimates  among  African  American  women  may 
be  attributed  to  lower  levels  of  cancer  breast  cancer-related  knowledge  (40),  and  risk-related 
intrusive  thoughts  interfering  with  the  processing  of  risk  information,  (41). 

The  accuracy  of  risk  perceptions  among  average  risk  African  American  woman  is  not 
related  to  breast  cancer  screening  adherence  (71).  However,  among  at-risk  women,  accurate 
knowledge  of  breast  cancer  risk  is  associated  with  screening  practices,  albeit  at  less  than 
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recommended  frequencies  (8).  Further,  African  Americans  who  overestimate  their  risk  may 
even  engage  in  excessive  breast  self  examination  (38);  a  less  effective  screening  approach  than 
mammography. 

Lower  perceived  risk  is  related  to  decreased  interest  in  genetic  testing  among  African 
American  women  (42,12,37).  Accuracy  of  risk  assessment  may  be  improved  through  educational 
intervention  (41,  43),  and,  when  risk  information  is  provided  within  the  context  of  a  trusting 
relationship,  interest  in  genetic  testing  may  increase  (44).  However,  actual  uptake  of  genetic 
testing  does  not  appear  to  necessarily  follow  expressions  of  interest  (44). 

Breast  Cancer  Related  Expectancies  and  Beliefs 

Perceived  benefits  (i.e.,  pros)  and  limitations  (i.e.,  cons)  about  breast  cancer  risk  have 
been  associated  with  health-protective  behaviors  (45).  In  the  screening  context,  a  number  of 
studies  conducted  among  predominantly  Caucasian  women  have  documented  a  relationship 
between  women’s  perceived  benefits  of  mammography  and  their  utilization  adherence  (e.g.,  29, 
46,  28,  47,  30,  31,  48).  Conversely,  perceived  barriers  (e.g.,  expectations  of  pain)  have  been 
consistently  associated  with  reduced  mammography  adherence  (e.g.,  29,  46,  31,  49).  Similarly, 
in  studies  specifically  focusing  on  African  American  women,  beliefs  that  early  detection  can  lead 
to  cure  of  breast  cancer,  and  belief  in  taking  charge  of  one’s  own  health  (50)  are  associated  with 
increased  mammography  utilization  (51,  32),  while  perceived  barriers  related  to  mammography 
(e.g.,  fear  of  radiation,  perceptions  of  lack  of  healthcare  access)  are  associated  with  decreased 
mammography  use  (52,  53,  54,  55).  Utilization  of  clinical  breast  examination  within  African 
American  subgroups  (US-born  African  Americans  and  English-speaking  Afro-Caribbeans)  is 
associated  with  belief  in  the  efficacy  of  clinical  exams,  whereas  infrequent  use  is  associated  with 
lack  of  trust  in  the  efficacy  of  cancer  treatments  (Carol  Magai,  personal  communication). 
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The  little  research  conducted  with  African  American  women  in  the  genetic  risk 
assessment  context  suggests  that  readiness  to  participate  in  genetic  risk  assessment  can  be  largely 
attributed  to  perceptions  that  the  advantages  of  testing  outweigh  the  disadvantages  (56).  Indeed, 
a  recent  study  shows  that  African  American  women  are  interested  in  genetic  risk  assessment  to 
the  extent  that  they  believe  that  testing  outcomes  would  be  of  benefit  to  themselves  and  to  their 
families  (57).  Further,  despite  having  lower  levels  of  knowledge,  African  American  women 
report  more  positive  attitudes  about  the  benefits  of  genetic  risk  assessment  (42,58).  On  the  other 
hand,  African  American  women  perceive  the  cost  and  availability  of  BRCA1/2  testing  as  salient 
barriers  to  participation  (42,  57). 

Breast  Cancer  Related  Values  and  Goals 

Fatalistic  beliefs  (i.e.,  believing,  for  instance,  that  there  is  no  use  in  getting  tested  or 
screened,  since  cancer  is  inevitable)  are  prevalent  among  African  American  women,  particularly 
those  who  are  lower  income,  less  well-educated,  and  unemployed  (59,  60).  Individuals  who  are 
characterized  by  higher  levels  of  fatalistic  beliefs  report  significantly  lower  levels  of  adherence 
to  screening  for  breast  cancer,  particularly  among  low-income  (61)  and  Afro-Caribbean  women 
(62,  63,  Carol  Magai,  personal  communication).  Fatalistic  attitudes,  like  other  shared  national 
values  and  belief  systems  (64,  65,  59),  act  by  lowering  self-efficacy  and  expectancies  about  the 
outcomes  of  health-related  behaviors,  in  turn  reducing  the  motivation  for  an  individual  to  persist 
in  enacting  specific  health-protective  behaviors  such  as  mammography  (22).  Within  the  genetic 
risk  assessment  context,  fatalistic  thinking  among  African  Americans  concerning  the 
inevitability  of  cancer  diagnosis  is  related  to  low  levels  of  interest  and  low  likelihood  of 
participation  in  such  programs  (57).  In  a  related  vein,  women  with  high  levels  of  spiritual  faith, 
that  is  women  who  believe  that  a  higher  power  determines  who  gets  cancer,  (who  are,  therefore, 
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presumably  less  reliant  on  the  medical  system)  report  less  likelihood  of  participating  in  genetic 
risk  assessment  (66). 

Breast  Cancer  Related  Emotional  Distress 

Among  women  at  increased  risk  for  breast  cancer  with  at  least  one  first  degree  relative 
(FDR)  diagnosed  with  breast  cancer,  African  American  women  report  significantly  greater 
concerns  and  worries  about  their  affected  relative,  and  heightened  avoidance  of  breast-cancer 
related  thoughts  and  feelings  compared  with  Caucasian  women  (67).  With  respect  to  screening 
behaviors,  some  research  points  to  a  positive  relationship  between  breast  cancer  related  distress 
and  adherence  (e.g.,  68,  69),  whereas  other  research  points  to  a  negative  relationship  (e.g.,  70, 
71).  In  studies  linking  higher  distress  with  greater  screening  adherence,  cancer  worry  was  at  a 
moderate  level,  whereas  cancer  worry  reported  in  Caryn  Lerman  and  colleagues’  (70,  71)  studies 
was  at  a  level  that  interfered  with  daily  functioning.  Therefore,  an  inverted  U-shaped  relationship 
between  distress  and  screening  behavior  appears  to  exist,  whereby  moderate  levels  of  cancer 
worry  motivate  screening  behavior,  but  extremely  high  or  low  levels  of  psychological  distress 
inhibit  cancer  screening  (22,  23).  Within  the  African  American  community,  fear  of  cancer  is 
reported  as  one  of  the  most  important  reasons  for  not  participating  in  mammography  screening 
programs  (72,  73).  However,  among  FDRs  of  African  American  women  with  breast  cancer,  fear 
of  cancer  is  also  associated  with  excessive  use  of  breast  self-examination  (74). 

Interest  in  genetic  risk  assessment  is  associated  with  increased  levels  of  cancer-related 
emotional  distress  (75,  76),  but  decreased  understanding  and  comprehension  of  genetic  risk 
feedback  (e.g.,  12).  Moreover,  fears  about  how  to  emotionally  deal  with  genetic  risk  feedback 
are  central  reasons  reported  by  African  Americans  for  not  wanting  to  participate  in  genetic  risk 
assessment  (57). 
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ATTENTIONAL  STYLE 

According  to  the  C-SHIP  model,  individuals  are  characterized  by  distinctive  styles  or 
behavioral  signatures  in  how  they  select,  encode,  and  manage  health  information,  and  how  they 
react  to  it  (24).  In  particular,  these  behavioral  signature  attentional  response  styles  have  been 
systematically  explored  in  terms  of  high  monitors  (who  scan  for,  and  magnify,  threatening  cues) 
and  low  monitors  (who  distract  from,  and  downgrade,  threatening  information;  24).  There  is 
evidence  to  support  the  universality  of  these  behavioral  signatures,  with  consistent  effects 
emerging  across  diverse  ethnic  (e.g.,  Caucasians  vs.  African  Americans)  and  cultural  groups 
(e.g.,  European  versus  American)  (24,  77).  The  two  attentional  styles  are  characterized  by 
different  organizations  in  the  structure  of  their  self-construals,  beliefs,  and  behaviors  (77). 

Under  routine  stress  conditions,  high  monitors  (who  are  more  attentive  to  health,  threats) 
are  more  likely  to  behave  in  an  adaptive  fashion,  demonstrating  increased  adherence  to 
recommended  screening  regimens  (78).  However,  under  conditions  of  high  threat  (e.g.,  feedback 
of  an  abnormal  screening  result)  high  monitors  respond  with  heightened  levels  of  risk-related 
anxiety  and  avoidance  (79,  66).  This  response  can  ultimately  undermine  and  interfere  with  their 
ability  to  maintain  required  health-protective  behaviors  (22,  80).  In  contrast,  low  monitors  - 
who  are  less  focused  on  health  threats  —  are  likely  to  ignore  cancer  threats  from  the  outset  and 
thereby  demonstrate  poor  screening  adherence  overall  (22). 

Attentional  style  also  appears  to  be  an  important  determinant  of  interest  in  genetic  risk 
assessment  and  testing.  High  monitors  are  more  likely  to  report  increased  perceived  risk  for 
breast  cancer,  more  pessimistic  attitudes  about  their  vulnerability  to  breast  cancer,  and  increased 
breast  cancer-related  distress,  compared  with  low  monitors  (24,  66,  81,  82).  Hence,  they  are 
more  likely  to  express  greater  interest  in  participating  in  genetic  risk  assessment  and  testing. 
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However,  expectations  of  increased  adverse  psychological  consequences  following  testing  can 
be  salient  barriers  that  influence  the  genetic  risk  assessment  decision-making  processes  for  high 
monitors  (75).  Similarly,  patterns  of  communication  of  genetic  risk  assessment  results  to  family 
members  are  influenced  by  attentional  style.  Among  women  with  a  putative  hereditary  breast 
cancer  pattern  undergoing  breast/ovarian  genetic  risk  assessment,  high  monitors  reported  greater 
intentions  to  communicate  positive  test  results  to  family  members  and  to  engage  in  strategic 
planning  for  this  communication  (83).  Taken  together,  these  results  suggest  that  interventions 
designed  to  promote  breast  screening  and  appropriate  uptake  of  genetic  risk  assessment  programs 
need  to  take  account  of  the  unique  cognitive-affective  profile  of  the  individual  (26,  84),  as  well 
as  the  unique  characteristics  of  the  African  American  culture. 

SOCIAL  SUPPORT 

Considerable  evidence  supports  the  importance  of  the  social  support  system  (i.e.,  family, 
friends,  physicians)  in  increasing  breast  screening  adherence  among  African  American  women; 
referred  to  here  as  the  Social  Network  perspective  (see  85,  86,  87).  African  American  women  are 
embedded  within  a  context  of  nested  systems,  families,  peer  groups,  organizations  (e.g.,  medical 
centers,  worksites)  and  larger  communities  (88).  Within  this  context,  the  woman  creates  a 
network  of  unique  relationships  with  which  she  exchanges  emotional  (e.g.,  esteem,  trust), 
appraisal  (e.g.,  affirmation,  social  comparison),  informational  (e.g.,  advice,  directives)  and 
instrumental  support  (e.g.,  money,  time)  (89,  90).  These  support  sources  form  the  most  salient 
norms  and  values  to  which  the  woman  responds,  as  well  as  critical  information  convoys, 
subsequently  influencing  her  breast  cancer  surveillance  behaviors.  As  a  source  of  accurate 
information,  the  physician  may  also  influence  screening  and  risk  assessment  decisions  and 
behaviors  (91,92,93,94).  Physicians,  however,  are  less  likely  to  encourage  breast  cancer 
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screening  (95,  96)  or  to  discuss  genetic  testing  (42)  with  African  Americans  than  with  other 
women. 

African  American  women  are  also  particularly  likely  to  experience  the  barrier  of  having 
social  networks  who  are  fearful  of  orthodox  medical  care,  and  thus  not  able  to  encourage  the 
women  to  engage  in  breast  cancer  surveillance  behaviors  (97).  For  example,  the  screening 
practices  of  relatives  and  friends  has  been  found  to  influence  surveillance  among  African 
American  women  (98,99).  Further,  participation  in  breast  screening  has  been  linked  with 
increased  number  of  social  ties  (100),  and  being  married  or  living  with  a  partner  (101).  Although 
the  data  are  limited,  the  participation  of  African  American  FDR’s  in  risk  assessment  programs 
seems  related  to  their  concerns  for,  and  care  of  their  affected  relative  (67). 

IMPLICATIONS  AND  FUTURE  DIRECTIONS 

It  is  increasingly  recognized  that  psychosocial  interventions  can  be  effective  in  promoting 
appropriate  interest  in,  and  use  of,  cancer  risk  assessment  programs,  as  well  as  promoting 
screening  adherence  (84,  102).  However,  the  specific  content  and  structure  of  these  interventions 
are  just  beginning  to  be  linked  to  state-of-the-art  theory  and  research  (103,16).  Risk  counseling 
protocols  have  been  shown  to  reduce  breast  cancer  specific  distress,  knowledge  of  risk,  and  risk 
perception,  particularly  for  FDRs  with  less  education  (79),  thereby  improving  program 
attendance  as  well  as  increasing  adherence  to  screening  recommendations  (103,  104,  105). 
However,  some  data  suggest  that  generic  interventions,  developed  for  Caucasian  women,  are  not 
effective  with  underserved  populations  (e.g.,  12,  16). 

The  C-SHIP  model  offers  a  framework  for  understanding  how  African  American  women 
differentially  seek,  amplify,  and  process  different  types  of  risk  information,  provided  by  multiple 
sources  (22).  Counseling  strategies  may  be  more  effective  if  they  are  systematically  tailored  to 
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the  specific  cognitive  and  affective  profiles  of  African  American  women  as  they  deal  with  the 
challenge  of  engaging  in  breast  cancer  screening  and  making  decisions  about  participation  in  risk 
assessment  programs.  Concomitantly,  the  social  support  networks  within  which  African 
American  women  live  could  be  mobilized  to  encourage  the  understanding  of  risk  and  to  develop 
community  norms  that  encourage  more  informed  decisions  and  longer-term  adherence. 
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Y-Synuclein  is  over-expressed  in  breast  and  ovarian  cancers  and  promotes  tumor  cell 

survival  by  inhibiting  stress-induced  apoptosis 

Z.  Pan1,  W.  Bruening1,  B.I.  Giasson2,  V.M.  Lee2,  A.K.  Godwin1 

1)  Fox  Chase  Cancer  Center,  Philadelphia,  PA;  2)  U.  of  Penn.  School  of  Medicine. 

Synucleins  are  a  family  of  small,  highly  conserved  proteins  predominantly  expressed  in  neurons. 
Although  the  normal  functions  of  the  synucleins  are  not  entirely  understood,  a-  and  y-synuclein 
have  been  implicated  in  the  pathogenesis  of  several  neurodegenerative  diseases  and  cancer, 
respectively.  Previous  studies  have  shown  that  Y-synuclein,  a  candidate  proto-oncogene  also 
known  as  BCSG1  or  persyn,  is  dramatically  up-regulated  in  the  vast  majority  of  late-stage  breast 
(>70%)  and  ovarian  (>85%)  cancers  and  that  y-synuclein  over-expression  can  enhance 
tumorigenicity.  To  address  the  biological  function  of  y-synuclein  and  its  role  in  pathogenesis  of 
the  breast  and  ovary,  we  ectopically  over-expressed  y-synuclein  in  several  cancer  cell  lines.  We 
found  that  y-synuclein  may  promote  tumor  cell  growth  by  protecting  tumor  cells  from 
undergoing  mitochondria  involved  caspase-9/3  apoptosis  under  adverse  conditions.  We  have 
shown  that  y-synuclein  is  associated  with  several  mitogen-activated  kinase  (MAPK),  i.e., 
extracellular  signal-regulated  protein  kinases  (ERK1/2)  and  c-Jun  N-terminal  kinase  1  (JNK1) 
Over-expression  of  y-synuclein  leads  to  constitutive  activation  of  ERK1/2  and  down-regulation 
of  JNK1  in  response  to  a  host  of  environmental  stress  signals,  include  UV  light,  heat  shock, 
sodium  arsenate,  and  nitric  oxide  (NO).  We  have  also  found  that  y-synuclein  expressing  cells  are 
more  resistant  to  the  chemotherapeutic  drug  paclitaxel  as  compared  to  the  parental  cells. 
Activation  of  JNK  by  paclitaxel  was  blocked  by  y-synuclein  and  the  number  of  apoptotic  cells 
induced  by  paclitaxel  was  significantly  lower  in  cells  that  over-expressed  y-synuclein.  This 
resistance  could  be  partially  obliterated  when  ERK  activity  was  inhibited  using  a  MEK1/2 
inhibitor.  Taken  together,  our  data  indicate  that  y-synuclein  is  likely  to  be  involved  in  the 
pathogenesis  of  breast  and  ovarian  cancer  by  promoting  tumor  cell  survival  under  adverse 
conditions  and  by  providing  resistance  to  certain  anti-cancer  drugs.  Because  of  its  high 
frequency  of  expression  in  late-stage  breast  and  ovarian  cancers,  y-synuclein  appears  to  be  a 
promising  target  for  cancer  therapy. 


Gamma-synuclein,  a  candidate  oncogene,  activates  RAC  and  ERK  and  contributes  to  the 
metastatic  spread  of  breast  and  ovarian  cancer. 

Z.  Pan1,  W.  Bruening1,  B.I.  Giasson2,  V.M.  Lee2,  A.K.  Godwin1. 

1)  Fox  Chase  Cancer  Center,  Philadelphia,  PA;  2)  U.  of  Penn.  School  of  Medicine. 

The  synucleins  (a,  (3,  y,  synoretin)  are  a  family  of  small  cytoplasmic  proteins  that  are 
predominantly  expressed  in  neurons.  Although  a-synuclein  is  known  to  play  an  important  role  in 
neurodegenerative  diseases,  the  function  of  synucleins  is  unknown.  We  have  previously  reported 
that  one  member  of  the  family,  y-synuclein,  is  expressed  in  the  majority  (>85%)  of  late-stage 
breast  and  ovarian  carcinomas,  but  it  is  not  expressed  in  normal  mammary  and  ovarian 
epithelium.  Therefore,  we  hypothesize  that  y-synuclein  may  be  a  proto-oncogene  and  that 
abnormal  expression  of  this  protein  may  contribute  to  the  progression  of  breast  and  ovarian 
cancer.  In  support  of  this  hypothesis,  we  have  observed  that  exogenous  expression  of  y-synuclein 

in  tumor  cells  elicits  a  phenotype  similar  to  that  induced  by  activation  of  the  Rho/Rac/CDC42 
pathway,  i.e.,  altering  the  appearance  of  focal  adhesions  and  stress  fibers,  and  enhancing  motility 
and  invasion.  Strikingly,  levels  of  activated  Rac  (GTP-bound)  are  constitutively  elevated  in 
ovarian  tumor  cells  that  overexpress  y-synuclein.  Synuclein  proteins  also  exhibit  a  low  homology 
to  the  14-3-3  family  of  cytoplasmic  chaperone  proteins.  14-3-3  proteins  help  regulate  different 
signal  transduction  pathways  by  directly  binding  to  various  protein  kinases  and  bringing  them 
into  close  proximity  with  substrate  and  regulatory  proteins.  We  have  demonstrated  a  novel 
interaction  of  g-synuclein  with  the  MAPKs,  ERK1/2  and  JNK1,  in  a  single  complex. 
Overexpression  of  y-synuclein  leads  to  increased  ERK  activation  but  does  not  activate  INK.  As 
activated  ERK1/2  specifically  localize  to  focal  adhesions,  and  ERK1/2  has  been  shown  to 
enhance  migration,  these  results  raise  the  possibility  that  y-synuclein  may  enhance  the  metastatic 
potential  of  tumors  through  the  activation  of  Rac  within  the  Rho  signaling  pathway  based  on 
protein  interactions  at  focal  adhesions.  We  hypothesize  that  y-synuclein  contributes  to 
tumorigenesis  by  promoting  cell  motility  as  a  result  of  altering  the  Rho  and  ERK  1/2  signaling 
pathways  and  that  g-synuclein  may  be  an  important  therapeutic  target. 
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Identification  of  ovarian  cancer-associated  genes  using  a  HOSE  cell  transformation  model 

Andrev  Frolov,  Zhong-Zong  Pan,  Dominique  Broccoli,  Lisa  Vanderveer,  Nelly  Auersperg1,  Henry 
Lynch  ,  Mary  Daly,  Thomas  Hamilton,  and  Andrew  K.  Godwin 
Fox  Chase  Cancer  Center 

1  University  of  British  Columbia,  Vancouver,  British  Columbia 

2  Creighton  University  School  of  Medicine,  Omaha,  NE 

The  diseases  that  are  commonly  referred  to  as  ovarian  cancer  in  the  vast  majority  of  cases 
develop  from  the  malignant  transformation  of  a  single  cell  type,  the  surface  epithelium.  However,  the 
biological  mechanisms  leading  to  transformation  remain  unclear.  To  identify  genetic  and  biological 
determinants  of  ovarian  cancer,  we  have  developed  an  in  vitro  model  for  ovarian  cancer.  We  have 
initiated  primary  human  ovarian  surface  epithelial  (HOSE)  cell  cultures  and  have  derived  HOSE  cell 
lines  that  have  undergone  immortalization  and  spontaneous  transformation  in  vitro  and  can  form 
tumors  in  vivo.  We  have  found  that  during  immortalization,  HOSE  cells  can  use  different  pathways  for 
telomere  length  maintenance.  Maintenance  of  telomeric  repeats  is  required  for  immortalization  and  is 
commonly  associated  with  activity  of  telomerase.  However,  a  number  of  tumors  and  tumor  cell  lines 
do  not  contain  telomerase  activity  and  circumvent  the  telomere  length  dependent  limitation  on  cell 
division  by  a  mechanism  referred  to  as  Alternative  Lengthening  of  Telomeres  (ALT).  The 
mechanism(s)  leading  to  ALT  remains  unknown.  We  have  found  that  up  to  30%  of  advanced  stage 
ovarian  adenocarcinomas  lack  telomerase  activity.  We  have  also  observed  that  the  majority  of  our 
HOSE  cell  cultures  appear  to  use  the  ALT  pathway  for  telomere  maintenance,  thereby  providing  an  in 
vitro  model  to  characterize  the  underlying  basis  of  telomerase-dependent  and  independent  ovarian 
tumorigenesis. 

We  have  utilized  Suppression  Subtractive  Hybridization  (SSH)  and  cDNA  microarray 
approaches  to  identify  genes  that  are  differentially  expressed  upon  both  immortalization  and  malignant 
transformation.  One  such  gene,  y-synuclein,  is  a  member  of  a  family  of  small  cytoplasmic  proteins 
(i.e.,  a-,  3-,  y-synuclein,  and  synoretin)  that  are  predominantly  expressed  in  neurons.  The  functions  of 
the  synucleins  are  not  entirely  understood,  but  they  have  been  implicated  in  the  pathogenesis  of 
several  neurodegenerative  diseases.  We  have  found  that  y-synuclein,  is  expressed  in  the  majority 
(>85%)  of  late-stage  ovarian  carcinomas,  but  it  is  not  expressed  in  normal  ovarian  surface  epithelium 
(Bruening,  et  al.,  2000).  Therefore,  we  hypothesize  that  y-synuclein  may  be  a  proto-oncogene  and  that 
abnormal  expression  of  this  protein  in  its  oncogenic  form  may  contribute  to  the  progression  and  spread 
of  ovarian  cancer.  In  support  of  this  hypothesis,  we  have  observed  that  when  y-synuclein  is 
exogenously  expressed  in  cell  lines  derived  from  ovarian  tumors,  the  cells  become  highly  motile  as 
observed  by  time-lapse  photography  and  invasive  as  determined  using  a  Boyden  chamber  assay.  We 
further  hypothesize  that  expression  of  y-synuclein  may  be  promoting  this  phenotype  in  part  by 
modulating  the  Rho/Rac/CDC42  signal  transduction  pathway.  Strikingly,  levels  of  activated  Rac 
(GTP-bound)  are  constitutively  elevated  in  ovarian  tumor  cells  that  overexpress  y-synuclein. 

Synuclein  proteins  also  exhibit  a  weak  homology  to  the  14-3-3  family  of  cytoplasmic  chaperone 
proteins.  The  14-3-3  family  of  proteins  helps  regulate  many  different  signal  transduction  pathways, 
and  is  thought  to  act  by  directly  binding  to  various  protein  kinases  and  bringing  them  into  close 
proximity  with  substrate  and  regulatory  proteins.  We  have  recently  demonstrated  a  novel  interaction 
of  y-synuclein  with  a  mitogen-activated  kinase  (MAPK),  i.e.,  extracellular  signal-regulated  protein 
kinases  (ERK1/2)  and  that  overexpression  of  y-synuclein  leads  to  increased  ERK  activation.  As 
activated  ERK1/2  specifically  localize  to  focal  adhesions,  and  ERK1/2  has  been  shown  to  enhance 
migration,  these  results  raise  the  possibility  that  y-synuclein  may  enhance  the  metastatic  potential  of 
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tumors  through  the  activation  of  Rac  within  the  Rho  signaling  pathway  based  on  protein  interactions  at 
focal  adhesions.  Based  on  our  results  we  hypothesize  that  y-synuclein  contributes  to  tumorigenesis  by 
promoting  cell  motility  as  a  result  of  altering  the  Rho  and  ERK1/2  signaling  pathways  and  that  y- 
synuclein  may  not  only  be  a  biomarker  for  ovarian  cancer,  but  a  therapeutic  target. 
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SUMMARY 

Synucleins  are  a  family  of  highly  conserved  small  proteins  predominantly  expressed  in 
neurons.  Of  the  synucleins,  a-synuclein  is  the  best  characterized  because  of  its  potential 
significance  in  neurodegenerative  diseases.  Recently  we  and  others  have  found  that  y-synuclein 
is  dramatically  up-regulated  in  the  vast  majority  of  late-stage  breast  and  ovarian  cancers  and 
that  y-synuclein  over-expression  can  enhance  tumorigenicity.  In  the  current  study,  we  have 
found  that  y-synuclein  is  associated  with  two  major  mitogen-activated  kinases  (MAPK),  i.e., 
extracellular  signal-regulated  protein  kinases  (ERK1/2)  and  c-Jun  N-terminal  kinase  1  (JNK1) 
and  have  shown  that  over-expression  of  y-synuclein  leads  to  constitutive  activation  of  ERK1/2 
and  down-regulation  of  JNK1  in  response  to  a  host  of  environmental  stress  signals  including 
UV,  arsenate,  and  heat  shock.  We  also  tested  the  effects  of  y-synuclein  on  apoptosis  and 
activation  of  JNK  and  ERK  in  response  to  several  chemotherapy  drugs.  We  have  found  that  y- 
synuclein  expressing  cells  are  significantly  more  resistant  to  the  chemotherapeutic  drugs 
paclitaxel  and  vinblastine  as  compared  to  the  parental  cells.  The  resistance  to  paclitaxel  can  be 
partially  obliterated  when  ERK  activity  is  inhibited  using  a  MEK1/2  inhibitor.  Activation  of 
JNK  and  its  downstream  caspase-3  by  paclitaxel  or  vinblastine  is  significantly  down-regulated 
in  y-synuclein  expressing  cells,  indicating  that  paclitaxel  or  vinblastine  activated  apoptosis 
pathway  is  blocked  by  y-synuclein.  In  contrast  to  paclitaxel  and  vinblastine,  etoposide  does  not 
activate  JNK  and  y-synuclein  over-expression  has  no  apparent  effect  on  this  drug-induced 
apoptosis.  Taken  together,  our  data  indicate  that  oncogenic  activation  of  y-synuclein  contributes 
to  the  development  of  breast  and  ovarian  cancer  by  promoting  tumor  cell  survival  under  adverse 
conditions  and  by  providing  resistance  to  certain  chemotherapeutic  drugs. 
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INTRODUCTION 

Breast  carcinoma  is  the  second  leading  cause  of  cancer  related  deaths  in  women  of  the 
western  world.  In  the  United  States  alone  over  180,000  new  cases  are  diagnosed  annually  and 
more  than  40,000  women  die  from  this  disease  each  year  (1).  Epithelial  ovarian  cancer  continues 
to  be  the  leading  cause  of  death  from  gynecologic  malignancies  in  the  United  States  (1,2).  One 
woman  in  70  in  the  U.S.  will  develop  ovarian  cancer  in  her  lifetime,  and  one  woman  in  100  will 
die  of  this  disease.  Breast  and  ovarian  cancer  etiology  are  multifactorial,  involving 
environmental  factors,  hormones,  genetic  susceptibility,  and  genetic  changes  during  progression. 
Both  cancers  are  a  heterogeneous  group  of  tumors  with  no  unifying  molecular  alteration  yet 
identified.  A  certain  number  of  breast  and  ovarian  cancer  cases  (~5  to  10%)  are  attributed  to 
inherited  mutations  in  highly  penetrant  breast  cancer  susceptibility  genes,  such  as  BRCA1  and 
BRCA2  [reviewed  in  (3)].  However,  the  majority  of  the  tumors  occur  in  women  with  little  or  no 
family  history  and  the  molecular  basis  of  these  sporadic  cancers  is  still  poorly  defined. 

In  an  effort  to  identify  other  genes  involved  in  the  development  and/or  progression  of 
breast  and  ovarian  cancer,  we  and  others  used  differential  gene  expression  approaches  and  have 
found  that  y-synuclein,  initially  termed  breast  cancer-specific  gene  1  (BCSG1),  is  up-regulated 
in  the  majority  of  late-stage  breast  (4,5)  and  ovarian  cancer  [Bruening,  2000  #16;  Pan  and 
Godwin,  unpublished  data].  In  addition,  we  showed  that  there  was  a  correlation  between  y- 
synuclein  expression  in  breast  ductal  carcinomas  and  the  staging  of  the  cancer  suggesting  that  y- 
synuclein  may  be  a  potential  marker  for  both  late  stage  breast  and  ovarian  cancer.  Additional 
studies  have  revealed  that  y-synuclein  over-expression  leads  to  increased  invasiveness  of  breast 
tumor  cells  (6)  and  stimulated  cell  proliferation  (7). 
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Synucleins  are  a  family  of  small,  highly  soluble  proteins  that  are  predominantly  expressed 
in  neurons.  The  functions  of  the  synucleins  are  not  entirely  understood.  There  are  four  known 
members:  a-synuclein  [also  referred  to  as  synelfin  or  non- A3  component  of  Alzheimer’s 
disease  (AD)  amyloid  precursor  protein  (NACP)],  and  P-synuclein  [also  referred  to  as 
phosphoneuroprotein  14  (PNP-14)]  are  neuronal  proteins  primarily  expressed  in  brain  and  are 
predominantly  found  at  axonal  terminals.  Y-Synuclein  [also  known  as  persyn]  is  predominantly 
expressed  in  certain  regions  of  the  peripheral  nervous  system,  such  as  dorsal  root  ganglia  and 
trigeminal  ganglia.  Synoretin,  the  newest  member  of  the  synuclein  family  is  expressed  at  high 
levels  in  the  retina  and  at  lower  levels  in  the  brain  (8,9).  The  synuclein  proteins  contain  several 
repeated  domains  that  display  variations  of  a  KTKEGV  consensus  sequence.  The  P-synuclein 
protein  contains  five  of  these  domains,  whereas  the  a-  and  y-synucleins  have  six.  Interestingly, 
the  third  domain  of  each  protein  is  completely  conserved  and  this  same  type  of  domain  is  present 
in  proteins  of  the  Rho  family  (10).  Another  type  of  organization  of  the  synuclein  proteins  that 
has  been  noted  is  an  11-residue  repeat.  This  motif,  repeated  six  to  seven  times  in  the  amino- 
terminal  portion  of  the  protein,  is  reminiscent  of  the  amphipathic  a-helical  domains  of  the 
apolipoproteins  and  suggests  possible  lipid  binding  properties  (11). 

The  Y-synuclein  gene  maps  to  10q23,  is  composed  of  five  coding  exons,  and  is  transcribed 
into  an  ~1  kb  mRNA  (8).  The  human  y-synuclein  is  127  amino  acids  long,  and  is  87.7%  and 
83.3%  identical  to  the  mouse  and  rat  proteins,  respectively.  In  addition,  comparison  of  the  amino 
acid  sequences  indicates  that  y-synuclein  is  highly  homologous  to  a-synuclein  and  P-synuclein 
except  for  the  last  27  amino  acids  of  y-synuclein.  Overall,  y-synuclein  shares  54%,  56%,  and 
84%  amino  acid  sequence  identity  with  a-synuclein,  P-synuclein,  and  synoretin,  respectively 
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(8,9). 


Among  the  synucleins,  a-synuclein  is  the  best  characterized  because  of  its  significant  role 
implicated  in  neurodegenerative  diseases  (12).  Mutations  in  the  a-synuclein  gene  have  been 
identified  in  rare  kindreds  with  Parkinson’s  disease  (12-14)  and  intracytoplasmic  aggregates 
comprised  of  a-synuclein  fibrils  are  characteristic  of  several  neurodegenerative  diseases  as 
exemplified  by  the  intraneuronal  Lewy  bodies  (LBs),  neuroaxonal  spheroids  and  dystrophic 
neurites  (i.e.  Lewy  neurites)  that  are  prominent  in  PD,  LB  variant  of  Alzheimer’s  disease  (AD), 
and  dementia  with  LBs  (DLB)  (14-19). 

The  normal  physiological  functions  of  synucleins  are  not  well  characterized.  The  N- 
terminal  portion  of  a-synuclein  (residues  1-61)  shares  40%  amino  acid  homology  with 
members  of  the  14-3-3  protein  family  (20).  The  14-3-3  family  of  proteins  helps  regulate  many 
different  signal  transduction  pathways,  and  is  thought  to  act  by  directly  binding  to  various 
protein  kinases  and  bringing  them  into  close  proximity  with  substrate  and  regulatory  proteins. 
14-3-3  proteins  bind  to  phospho-Ser  residues  critical  for  the  functions  of  many  kinases  and 
phosphatases  that  are  involved  in  diverse  cell  functions  (21-24).  Like  the  synucleins,  14-3-3 
proteins  are  ubiquitously  expressed  in  the  brain  and  have  been  shoown  to  associate  in  a 
chaperone-like  manner  with  PKC,  BAD,  ERK,  and  RAF-1  (16,21).  a-Synuclein  binds  14-3-3 
as  well  as  to  PKC,  BAD,  ERK  and  the  microtubule  associated  protein  tau  (25).  In  addition  to 
shared  regions  of  homology  to  14-3-3,  a-synuclein,  as  well  as  P-  and  y-synuclein  also  appears 
to  act  as  a  protein  chaperone,  at  least  in  vitro ,  by  disrupting  protein  aggregation  (26). 
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To  help  further  unravel  the  function  of  y-synuclein  and  establish  its  role  in  the  oncogenesis 
of  breast  and  ovarian  cancer,  we  searched  for  proteins  that  could  interact  with  Y-synuclein  and 
identified  the  MAP  kinases  ERK1/2  and  JNK1.  In  this  study  we  provide  evidence  that  y- 
synuclein  contributes  to  tumor  development  by  protecting  cancer  cells  under  adverse  conditions 
through  modulating  the  ERK  and  JNK  pathways.  In  addition,  we  observed  that  paclitaxel-  or 
vinblastine-induced  cell  death  is  protected  by  Y-synuclein  indicating  that  chemotherapeutic 
drugs  that  take  effect  through  activating  the  JNK  apoptosis  pathway  may  not  be  effective  for 
cancer  with  high  y-synuclein  expression. 
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EXPERIMENTAL  PROCEDURES 

Reagents  and  Antibodies  -  Paclitaxel,  vinblastine,  and  etoposide  were  purchased  from 
Sigma  (St.  Louis,  MO).  The  MEK1/2  inhibitor  U0126  was  purchased  from  Promega  (Madison, 
WI).  Anti-ERKl,  anti-ERK2,  anti-JNKl  antibodies  and  normal  IgG  were  obtained  from  Santa 
Cruz  Biotechnology  (Santa  Cruz,  CA).  Anti-phospho-ERKl/2  and  anti-PARP  antibodies  were 
obtained  from  Cell  Signaling  (Beverly,  MA).  The  mouse  antibody  Syn303  was  raised  to 
recombinant  human  a-synuclein,  but  recognizes  a-,  J3-,  and  y-synuclein.  y-2  is  a  rabbit 
polyclonal  antibody  raised  to  recombinant  human  y-synuclein  that  specifically  recognizes  human 
y-synuclein  (27).  Mouse  monoclonal  antibodies  Syn204  and  Syn207  were  raised  against  human 
a-  and  (3-synucleins,  respectively. 

Cell  culture  and  transfection  -  Ovarian  cancer  cell  lines  A2780  and  OVCAR5  were 
maintained  in  10%  FBS  DMEM  and  10%  FBS  RPMI  1640,  respectively.  HEK  293,  human 
embryonic  kidney  cells,  were  maintained  in  10%  FBS  DMEM  supplemented  with  Na-pyruvate 
and  non-essential  amino  acids.  To  create  the  CMV  plasmid  for  establishing  stable  cell  lines 
over-expressing  human  a-,  |3-  or  y-synuclein,  human  cDNAs  were  amplified  by  PCR  and 
subcloned  into  pcDNA3  (Invitrogen).  GenePorter  Transfection  Reagent  (GTS  Inc,  San  Diego, 
CA)  was  used  for  transfection  and  stable  cell  lines  were  selected  by  G418  (Gibco  BRL). 
Expression  of  human  a-,  3-  or  y-synuclein  was  confirmed  by  immuno-blotting  with  Syn204, 
Syn207,  or  y-2  antibody,  respectively. 

Cell  treatment  with  UV  and  other  stress  signals  or  chemotherapeutic  drugs  -  For  UV 
treatment,  cells  at  70-80%  confluence  were  washed  once  with  PBS  before  UV  irradiation  (254 
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nm,  20  J/m2).  Complete  medium  was  added  to  the  plates  after  treatment.  The  intensity  of  the 
UV  light  source  was  measured  with  a  BLAK-RAY  meter  (UVP,  Inc.,  San  Gabriel,  CA)  prior  to 
each  experiment.  Heat-shock  was  carried  at  42°C  for  15  min.  50  pM  Na-arsenite  was  used  to 
treat  the  cells  for  6  hr.  Paclitaxel,  vinblastine,  etoposide,  and  U0126  were  dissolved  in  DMSO 
and  cells  were  treated  with  various  concentrations  of  the  drugs  as  indicated  in  each  experiment. 

Co-Immunoprecipitation  -  Cells  at  70-80%  confluence  were  washed  twice  with  ice-cold 
D-PBS  before  scraping  on  ice  with  Lysis  Buffer  [20  mM  Tris-HCl,  pH  7.5;  150  mM  NaCl;  2.5 
mM  Na-pyrophosphate;  1  mM  Na-(3-glycerophosphate;  5  mM  NaF,  1  mM  Na3V04,  1  mM 
PMSF,  1%  Triton  X-100,  and  1  tablet  of  protease  inhibitor  cocktail  (Roche,  Indianapolis,  IN) 
per  40  ml  lysis  buffer].  Cellular  debris  was  removed  by  centrifugation  (14,000  x  g  for  15  min  at 
4°C)  and  precleared  with  protein  G-agarose  (Gibco  BRL,  Rockville,  MD).  Protein 
concentrations  were  determined  with  Bio-Rad  DC  protein  assay  reagents.  Syn303  (3  pi  ascites) 
or  control  IgG  (3  pg)  were  pre-incubated  in  500  pi  of  PBS  with  50  pi  of  protein-G  agarose 
overnight  at  4°C,  and  washed  twice  with  PBS  before  incubation  with  300  pg  of  total  cellular 
lysate  for  4  hr  at  4°C.  The  beads  were  washed  4  x  with  the  lysis  buffer,  resuspended  in  50  pi  2  x 
SDS  sample  buffer  before  boiling  for  5  min.  10  pi  immunoprecipitates  were  separated  by  SDS- 
PAGE  electrophoresis  on  4-20%  linear  gradient  Tris-HCl  ready  gels  (Bio-Rad). 

Immuno-blotting  and  data  quantification  -  Proteins  separated  on  SDS-PAGE  gels  were 
transferred  onto  Immobilon-P  PVDF  membrane  (Millipore,  Bedford,  MA).  The  primary 
antibodies  were  diluted  1:1000,  and  the  HRP-conjugated  second  antibodies  were  diluted 
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1:10,000  (Amersham,  Piscataway,  NJ).  NEN  Renaissance  Enhanced  Luminol  Reagents  (Boston, 
MA)  were  used  as  substrates  for  detection.  For  re-use  of  the  same  membrane  with  another 
primary  antibody,  Restore  Western  Blot  Stripping  buffer  (Pierce,  Rocklord,  IL)  was  used  to  strip 
the  membrane.  The  results  of  immuno-blotting  were  quantitated  using  the  NIH  Image  for  the 
integrated  density  of  each  band. 

JNK-kinase  activity  assay  -  The  kinase  activity  of  JNK  was  measured  using  the 
SAPK/JNK  assay  kit  (Cell  Signaling  Technologies).  Briefly,  250  pi  cell  lysate  (1  pg/pl  protein) 
was  incubated  with  2  pg  c-JUN  fusion  protein  beads  (in  20  pi)  overnight  at  4°C.  After  washing, 
the  proteins  on  the  beads  were  incubated  in  the  kinase  reaction  buffer  supplemented  with  100 
pM  ATP  for  30  min  at  30°C.  To  measure  the  JNK  activity,  the  phosphorylated  c-JUN  was  detected 
by  SDS-PAGE  and  immunoblotting  with  the  specific  antibody  (Cell  Signaling  Technologies). 

Cell  viability  assay  -  Cell  viability  was  determined  by  Trypan  blue  exclusion  assay  and/or 
WST-1  assay.  For  Trypan  blue  assay,  cells  were  stained  with  0.2%  Trypan  blue  for  2-5  min. 
The  number  of  viable  cells  (non-stained)  and  dead  cells  (stained)  were  counted  under 
microscope  using  a  cell  hemocytometer.  For  WST-1  assay,  cells  under  different  culture 
conditions  were  incubated  with  WST-1  (Roche)  for  4  hr.  Cleavage  of  WST-1  to  formazan  was 
monitored  at  450  nm  using  a  microplate  reader. 

Caspase  activity  assay  -  Colorimetric  CaspACE  assay  (Promega)  was  used  to  detect  the 
caspase-3  activity.  Briefly,  pNA  released  from  the  substrate  Ac-DEVD-pNA  by  caspase-3  in 
the  cell  lysate  was  monitored  at  405  nm  using  a  microplate  reader. 
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Statistical  analysis  -  Where  indicated,  a  two-tailed  student  t-test  was  used  to  test  for 
significance. 
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RESULTS 

Expression  ofsynuclein  in  tumor  cell  lines  -  We  have  previously  reported  that  y-synuclein 
is  highly  expressed  in  the  vast  majority  of  late-stage  breast  and  ovarian  tumors  (4),  suggesting  a 
potentially  important  role  for  y-synuclein  in  the  development  of  these  diseases.  To  help  unravel 
the  function  of  y-synuclein,  we  established  several  in  vitro  models.  The  ovarian  tumor  cell  lines 
A2780  and  OVCAR5,  which  express  low  levels  of  y-synuclein  as  well  as  kidney  HEK  293  cells 
which  do  not  express  detectable  levels  of  y-synuclein  were  transfected  with  CMV-y-synuclein 
or  with  vector  alone  and  were  selected  with  G418.  Resistant  colonies  were  screened  by  Western 
blotting  for  stable  expression  of  y-synuclein  protein  and  positive  colonies  were  pooled  into 
A2780gam,  OVCAR5gam,  and  293gam  cell  lines  (Fig.  1).  Cell  lines  stably  expressing  a- 
synuclein  and  P-synuclein  were  also  derived  from  A2780  cells  as  described  for  the  y-synuclein 
expressing  lines  (Fig.  1).  Like  A2780gam,  OVCAR5gam,  293gam  cells,  there  were  no  obvious 
alterations  in  cell  doubling  time  of  the  A2780alpha  or  A2780beta  cell  lines  (data  not  shown). 

y -Synuclein  interacts  with  ERK  and  JNK  MAP  kinases  in  cancer  cells  -  y-Synuclein  has 
recently  been  reported  to  bind  directly  to  the  ERK2  kinase  (28).  Therefore,  we  evaluated 
whether  y-synuclein  could  also  interact  with  the  ERK  kinases  as  well  as  other  MAPKs.  By  co- 
immunoprecipitation  approaches,  we  were  able  to  demonstrate  a  novel  association  of  y- 
synucleins  with  ERK1/2  and  JNK1  kinase,  but  not  with  the  p38  kinase  (Fig.  2).  We  also 
confirmed  that  a-synuclein  is  associated  with  ERK  1/2  as  well  with  JNK1  (Fig.  2),  which  is 
consistent  with  the  recently  studies  using  neuro2a,  a  neuronal  cell  line  (29).  These  data  indicate 
that  y-  and  a-synuclein  can  interact  with  ERK1/2  and  JNK1  in  cancer  cells  that  over-express 
these  proteins. 


-11- 


Y-Synuclein  promotes  cancer  cell  survival  by  affecting  MAPK  pathways 

Elevated  activity  ofERK  in  cells  over-expressing  y-synuclein  -  We  next  evaluated 
whether  these  protein  interactions  would  affect  the  activity  of  ERK1/2  and/or  JNK1  (see  below). 
In  A2780  and  OVCAR5  cancer  cells  over-expressing  y-synuclein,  the  activated  ERK1/2  was 
increased  2-3  fold  as  evidenced  by  immunoblotting  with  an  anti-phospho-ERK  specific 
antibody  (Fig.  3).  In  contrast,  a-  and  p-synucleins  appeared  to  have  little  or  no  effect  on  the 
activity  of  ERK1/2  (Fig.  3A)  although  a-synuclein  was  also  found  to  be  associated  with  ERK 
(as  described  above  and  shown  in  Fig.  2)  in  A2780  cells.  In  HEK  293  cells,  the  basal  level  of 
ERK  activation  is  undetectable  and  y-synuclein  over-expression  does  not  increase  its  activation 
level  (Fig.  3B).  Structural  analysis  indicate  that  y-synuclein  does  not  contain  any  kinase 
domain,  suggesting  that  the  activation  of  ERK  is  mediated  by  other  kinase.  Since  MEK1/2  is 
required  for  the  activation  of  ERK1/2  in  response  to  many  mitogens,  we  determined  whether 
MEK1/2  is  still  required  for  y-synuclein  mediated  activation  of  ERK1/2.  When  cells  over¬ 
expressing  y-synuclein  were  treated  with  the  MEK1/2  inhibitor  U0126,  the  activation  of  ERK1/2 
was  suppressed  (Fig.  4A).  We  further  studied  the  relation  of  y-synuclein-ERK  interaction  and 
the  activation  status  of  ERK1/2.  In  cells  treated  with  U0126  or  serum-starved,  the  association  of 
Y-synuclein  and  ERK1/2  was  still  present  (Fig.  4B).  These  data  indicate  that  y-synuclein  may  be 
constitutively  associated  with  ERK1/2,  which  could  facilitate  the  activation  of  ERK  by  MEK1/2 
and  lead  to  the  constitutive  activation  of  ERK1/2  in  cells  over-expressing  y-synuclein. 

Down-regulation  ofJNK  activation  by  y-synuclein  in  response  to  different  stress  signals  - 
JNK  is  activated  by  stress  signals  including  UV  which  leads  to  mitochondria  mediated  apoptosis 
(30).  The  basal  level  of  JNK  activity  in  A2780  and  OVCAR5  ovarian  cancer  cells  is  very  low  in 
untreated  cells  whether  y-synuclein  was  over-expressed  or  not  (Fig.  5).  JNK  was  highly 
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activated  in  the  parental  cells  when  treated  with  UV  (Fig.  5).  In  cells  over-expressing  y- 
synuclein,  the  activation  of  JNK  was  almost  completely  blocked  in  A27 80/gam  cells  (p  <  0.05) 
and  was  down-regulated  by  approximately  50%  in  OVCAR5/gam  cells  when  treated  with  UV 
(Fig.  5)  or  heat-shock  (data  not  shown).  The  blockage  of  JNK  activation  by  UV  appears  to  be  y- 
synuclein  specific  since  over-expression  of  a-  and  (3-synucleins  appeared  to  have  little  or  no 
effect  on  the  activation  of  JNK  by  UV  (Fig.  5,  and  data  not  shown).  The  inhibition  of  JNK 
activation  in  OVCAR5/gam  cells  is  much  less  than  that  in  A2780/gam  cells.  The  cause  of  this 
difference  could  either  be  cell-type  specific,  or  it  could  be  the  high  endogenous  y-synuclein 
expression  in  OVCAR5  cells.  Similarly,  the  activation  of  JNK  by  sodium  arsenate  was  blocked 
to  different  extents  by  y-synuclein  in  293/gam,  OVCAR5/gam,  and  A2780/gam  cells  (Fig.  6). 
Collectively,  these  data  indicate  that  stress-induced  activation  of  JNK  can  be  blocked  by  y- 
synuclein  over-expression  in  a  variety  of  cell  lines. 

y -Synuclein  may  protect  paclitaxel  (Taxol)  induced  cell  death  by  regulating  JNK  and  ERK 
activities  -  Based  on  the  data  presented  above,  we  hypothesized  that  y-synuclein  may  contribute 
to  cancer  cell  survival  by  up-regulating  the  ERK  cell  survival  pathway  and  by  suppressing  the 
JNK  apoptosis  pathway  under  adverse  conditions.  However,  when  we  treated  y-synuclein  over¬ 
expressing  cells  with  UV,  significant  differences  in  cell  survival  between  A2780  and  A2780/gam 
cells  were  not  observed  (data  not  shown).  The  reason  for  this  lack  of  difference  is  not  readily 
apparent.  However,  cell  survival  and  cell  death  are  regulated  by  the  counter-balance  between 
the  survival  factors  and  the  apoptotic  signaling  pathways.  Since  UV  treatment  also  activates  the 
cell  survival  pathways  ERK  [(31),  and  data  not  shown]  and  PI3K-AKT  (32,33),  the  initiation  of 
the  mitochondria  associated  caspase  pathway  may  be  blocked  by  the  activation  of  ERK  or  AKT 
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in  A2780  cells.  In  support  of  these  findings  we  did  not  observe  the  cleavage  of  the  caspase-3 
substrate  PARP  in  A2780  cells  when  treated  with  UV  (data  not  shown). 

We  next  evaluated  the  survival  of  y-synuclein  over-expressing  cells  in  response  to  Taxol, 
a  commonly  used  chemotherapeutic  drug.  In  addition  to  its  role  in  affecting  microtubule 
assembly,  Taxol  is  known  to  lead  to  apoptosis  via  the  mitochondria  by  activating  the  JNK 
signaling  pathway  and  Taxol-induced  apoptosis  can  be  enhanced  by  MEK  inhibition  (34-36). 
In  A2780  cells,  Taxol  did  not  affect  the  basal  level  activity  of  ERK  or  the  activation  of  ERK  by 
Y-synuclein  (Fig.  7A).  To  test  the  effect  of  y-synuclein  on  cell  survival,  cells  were  treated  with 
Taxol  for  varying  lengths  of  time.  At  48hr  after  treatment,  45-60%  of  A2780  cells  had  died, 
while  only  about  7-15%  of  A2780/gam  cells  were  dead  indicating  that  Taxol  induced  cell  death 
can  be  rescued  by  y-synuclein  over-expression  (Fig.  7B).  When  ERK  activation  was  inhibited 
using  the  MEK1/2  inhibitor  U0126,  the  cell  death  was  reduced  by  -25%  in  A2780  cells  but  was 
nearly  doubled  in  A2780/gam  cells  (Fig.  7B).  These  data  suggest  that  enhanced  cell  survival  in 
Y-synuclein  over-expressing  cells  is  partially  mediated  by  activation  of  ERK. 

To  determine  whether  the  protective  role  of  y-synuclein  on  cell  survival  is  also  mediated 
through  down-regulating  JNK  associated  apoptotic  pathway(s),  caspase-3  activity  was 
monitored  at  different  time  points  after  Taxol  treatment.  Consistent  with  the  data  in  other 
ovarian  and  breast  cancer  cell  lines  (34,36),  JNK  was  activated  in  A2780  cells  when  treated  with 
30  pM  Taxol.  The  caspase-3  substrate  PARP  was  found  cleaved  in  cells  treated  with  Taxol 
(data  not  shown).  In  A2780/gam  cells,  the  activity  of  JNK  was  significantly  inhibited  following 
treatment  with  Taxol  (p  <  0.05)  (Fig.  8A).  In  the  parental  A2780  cells,  caspase-3  was  highly 
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activated  following  drug  treatment.  By  contrast,  the  activation  of  caspase-3  by  Taxol  treatment 
was  significantly  reduced  in  y-synuclein  over-expressing  ovarian  cancer  cells  (p  <  0.05)  (Fig, 
8B).  These  data  indicate  that  Taxol  activated  JNK  mediated  caspase  apoptotic  pathway  was 
significantly  attenuated  in  cells  over-expressing  y-synuclein.  Taken  together,  our  results 
indicate  that  the  cell  death  in  ovarian  cancer  cells  induced  by  Taxol  may  be  protected  by  y- 
synuclein  and  that  this  may  be  mediated  by  regulating  the  JNK  and  ERK  signaling  pathways. 

y-Synuclein  over-expression  leads  to  protection  from  vinblastine  but  not  etoposide 
induced  cell  death  -  To  demonstrate  whether  the  effects  of  y-synuclein  on  cell  survival  were 
specific  to  Taxol  or  were  a  general  mechanism  of  drug  resistance,  we  evaluated  two  additional 
chemotherapeutic  agents,  i.e.,  vinblastine  and  etoposide.  Both  Taxol  and  vinblastine  are 
microtubule-interfering  agents;  Taxol  binds  to  microtubule  polymers  while  vinblastine  binds  to 
monomers  and  dimers.  When  treated  with  vinblastine  (either  0.1,  1.0,  or  10  pM  for  30  hr),  cell 
death  in  A2780/gam  cells  was  significantly  lower  (p  <  0.05  for  all  the  three  concentrations 
tested)  as  compared  to  the  parental  cells  (Fig.  9  A).  Consistent  with  other  studies  using  a  variety 
of  tumor  cell  lines  (36-39),  vinblastine  strongly  activate  JNK  in  A2780  cells.  However,  this 
activation  of  JNK  by  vinblastine  was  significantly  inhibited  by  y-synuclein  over-expression 
(Fig.  9B).  Furthermore,  we  observe  that  treatment  with  vinblastine  results  in  a  two-fold  increase 
in  phosphorylated  ERK1/2  in  A2780  cells.  This  enhancement  in  activated  ERK  levels  was  not 
observed  in  the  A2780/gam  cells  (Fig.  9B).  Unlike  our  results  for  Taxol,  inhibition  of  ERK 
phosphorylation  by  U0126  did  not  significantly  affect  the  cell  death  in  the  parental  cells  or 
A27 80/gam  cells  (Fig.  9 A  &  C).  These  data  indicate  that  suppression  of  vinblastine-induced 
cell  death  by  y-synuclein  may  be  mediated  by  inhibition  of  JNK  activation. 
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We  also  evaluated  etoposide,  a  DNA  damage  agent  that  has  also  been  shown  to  induce  JNK 
activation  in  some  cell  lines  (37,40-42).  When  treated  with  1, 10,  or  100  /rM  of  etoposide  for  56 
hrs,  there  was  no  significant  difference  in  cell  survival  between  A2780  and  A2780/gam  cells 
(Fig.  10A).  As  might  be  predicted,  JNK  was  not  activated  in  response  to  etoposide  treatment  (Fig. 
10B).  Furthermore,  etoposide  treatment  did  not  result  in  ERK  activation  in  A2780  cells. 
However,  surprisingly  the  constitutive  phosphorylated  ERK  levels  observed  in  A2780/gam  cells 
were  significantly  down-regulated  within  30  min  of  treatment  with  10  or  100  /i M  of  etoposide 
(Fig.  10C).  In  the  presence  of  the  MEK  inhibitor  U0126,  cell  death  induced  by  etoposide  was 
reduced  in  both  the  parental  and  y-synuclein  over-expression  cells,  but  statistical  analysis 
indicated  these  differences  were  not  statistically  significant. 
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DISCUSSION 

Synucleins  are  highly  soluble  proteins  and  their  biological  and  biochemical  functions  are 
not  entirely  understood.  Previous  studies  have  suggested  that  they  may  be  involved  in  neuron 
development  and  function  (43).  The  involvement  of  y-synuclein  in  human  neoplastic  diseases 
came  to  light  when  y-synuclein  was  isolated  from  a  human  breast  tumor  cDNA  library  and  was 
shown  to  be  over-expressed  in  infiltrating  ductal  carcinomas  (4,5)  and  ovarian  cancer  (4). 
Additional  studies  have  suggested  that  y-synuclein  may  be  involved  in  enhancing  cell  motility 
and  metastasis,  in  breast  (6)  and  ovarian  (Bruening  and  Godwin,  unpublished  data)  cancer  cells 
as  analyzed  both  in  vitro  and  in  nude  mouse  models  in  vivo.  We  have  found  that  oncogenic 
activation  of  y-synuclein  is  independent  of  gene  mutations  or  gene  amplification.  We  have 
recently  reported  that  hypomethylation  of  the  y-synuclein  gene  CpG  island  promotes  its  aberrant 
expression  in  breast  and  ovarian  carcinomas  (44,45).  In  the  present  studies,  we  showed  that  y- 
synuclein  over-expression  activates  the  survival  factor  ERK1/2  and  blocks  the  activation  of 
JNK.  Activation  of  JNK  can  initiate  the  mitochondria  involved  caspase  apoptosis  pathway  (30). 
Therefore,  we  propose  that  y-synuclein,  in  its  oncogenic  form  (over-expressed)  contributes  to 
tumor  development  by  protecting  cancer  cells  under  adverse  conditions  through  modulating  the 
ERK  and  JNK  pathways  (Fig.  11).  In  addition,  we  observed  that  Taxol-  and  vinblastine- 
induced  cell  death  is  protected  by  y-synuclein  indicating  that  anti-cancer  drugs  that  take  effect 
through  activating  the  JNK/caspase  apoptosis  pathway  may  not  be  effective  for  cancers  with  high 
Y-synuclein  protein  levels. 

The  effects  of  y-synuclein  on  ERK  1/2  and  JNK  signaling  in  ovarian  cancer  cells  appears  to 
be  specific  for  y-synuclein  since  over-expression  of  the  a-  and  P-synucleins  in  A2780  cells  had 


-17- 


y-Synuclein  promotes  cancer  cell  survival  by  affecting  MAPK  pathways 

little  or  no  effect  on  these  MAPKs  (Figs.  3  &  5).  Even  though  a-  and  P-synucleins  are 
expressed  in  a  significant  fraction  of  ovarian  tumors  (4),  we  did  not  observe  a  discernable 
phenotype  associated  with  over-expression  in  cultured  cells.  The  reason  for  these  differences 
are  not  readily  apparent.  However,  we  have  recently  observed  that  the  subcellular  localization  of 
y-synuclein  in  tumor  cells  may  be  altered.  Previous  studies  have  shown  that  y-synuclein  is 
diffusely  distributed  in  the  cytoplasm  of  peripheral  neurons,  although  it  is  also  expressed  in  the 
brain  (46).  We  have  found  in  tumor  cells  which  over-express  the  wild-type  y-synuclein  that  the 
protein  tends  to  accumulate  in  the  nuclei  (Pan  and  Godwin,  unpublished  data).  This  may  also 
help  explain  why  only  a  portion  of  ERK1/2  and  JNK  co-immunoprecipates  with  y-synuclein 
(Fig.  2),  since  the  cytoplasmic  levels  are  low  in  A2780  cells.  Furthermore,  the  amino  acid 
sequences  of  a-  and  P-synucleins  are  more  closely  related  to  each  other  than  y-synuclein  (8,9) 
and  the  y-synuclein  protein  is  the  least  conserved  of  the  synuclein  proteins  (8,9).  Therefore,  it  is 
possible  that  the  conserved  sequences  of  a,  P,  and  y-synuclein  may  be  involved  in  the 
interaction  with  ERK1/2  and  that  the  non-conserved  regions  (predominantly  the  C-terminus) 
may  contribute  to  activation  of  ERK  in  a  cell  type  specific  manner.  Therefore,  the  effects  that 
we  are  observing  may  be  both  cell  type  and  isoform  specific.  Additional  studies  will  be  needed 
to  better  resolve  these  differences. 

Even  though  we  have  made  some  significant  observations  in  this  study,  the  biochemical 
function  of  y-synuclein  remains  largely  unknown.  Many  of  our  approaches  have  come  from  the 
study  of  a-synuclein.  a-Synuclein,  the  most  extensively  studied  synuclein,  is  the  major 
component  of  Lewy  bodies  in  sporadic  PD,  dementia  with  LBs  (DLB),  and  a  subtype  of 
Alzheimer’s  disease  known  as  the  LB  variant  of  Alzheimer’s  disease  (19,47,48).  Mutations  in 
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the  a-synuclein  gene  have  also  been  linked  to  familial  Parkinson’s  disease  (49-51).  Based  on 
homology  to  14-3-3  protein  and  in  vitro  assay,  synucleins  are  hypothesized  to  be  proteins  with 
chaperone  properties  (20,26).  a-Synuclein  has  been  shown  to  be  associated  with  many  of  the 
proteins  that  interact  with  14-3-3  proteins,  including  PKC,  BAD,  and  ERK  (16,21,25).  a- 
Synuclein  has  also  been  shown  to  associate  with  ERK2  (28)  and  may  reduce  the  phosphorylation 
of  MAPKs  in  neurons  (29),  while  synoretin  can  activate  Elkl  pathway  when  transfected  in  HEK 
293  cells  (9).  We  have  demonstrated  that  in  ovarian  cancer  cells  that  both  y-  and  a-synucleins 
can  associate  with  ERK  1/2  (Fig.  2).  However,  only  y-synuclein  but  not  a-synuclein  lead  to 
constitutive  activation  of  ERK  indicating  that  the  function  of  a-synuclein  might  be  different  in 
cancer  cells  versus  neuronal  cells.  Studies  are  underway  to  determine  whether  this  constitutive 
activation  is  dependent  on  the  C-terminal  sequences  which  are  unique  to  y-synuclein. 


The  second  prominent  observation  we  made  in  this  study  was  that  ectopic  expression  of  y- 
synuclein  resulted  in  enhanced  resistance  to  the  chemotherapeutic  drugs,  Taxol  and  vinblastine 
(Figs.  7-9).  In  contrast,  when  these  same  cells  were  treated  with  etoposide,  a  DNA  damage  agent, 
Y-synuclein  over-expression  did  not  enhanced  cell  survival  (Fig.  10).  There  are  two  main 
apoptosis  pathways  initiated  from  the  cell  surface  membrane,  one  is  initiated  by  Fas  and  other 
death  receptors,  while  the  other  is  initiated  by  stress  signals  (30).  JNK  activation  is  an  essential 
component  of  the  latter  apoptotic  signaling  (30,52).  In  addition,  many  chemotherapy  drugs  also 
take  effect  partly  through  activating  the  JNK  signaling  (34-36).  Our  data  indicate  that  abnormal 
over-expression  of  y-synuclein  might  be  one  of  such  mechanisms  in  breast  and  ovarian  cancer 
that  permits  tumor  cells  to  overcome  the  JNK  activated  apoptotic  signaling  (30).  Both  Taxol  and 
vinblastine  robustly  induced  JNK  activity  in  A2780  cells,  while  the  etoposide  treatment  did  little 
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(Figs.  8-10).  In  y-synuclein  over-expressing  cells,  this  induction  by  Taxol  and  vinblastine  was 
suppressed  2-  to  3-fold  and  cell  survival  was  dramatically  enhanced.  Taken  together,  these 
results  indicate  that  the  cell  death  in  ovarian  cancer  cells  induced  by  Taxol,  vinblastine,  or  other 
drugs  that  induce  JNK,  may  be  protected  by  y-synuclein.  Furthermore,  it  is  interesting  to  note 
that  only  -35%  of  breast  tumors  and  -50%  of  all  epithelial  ovarian  tumors  possess  mutations  in 
the  TP53  gene  (53,54).  As  JNK  activation  in  UV  or  Taxol  treated  cells  is  independent  of  DNA 
damage  (31,55-57),  it  is  interesting  to  speculate  that  over-expression  of  y-synuclein  may 
promote  tumor  cell  survival  in  the  presence  of  p53  wild-type  cells.  Since  y-synuclein  is  not 
expressed  in  normal  breast  and  ovarian  epithelial  cells  but  is  expressed  in  the  majority  of  late- 
stage  breast  and  ovarian  cancers  (4,5),  it  may  be  a  very  promising  target  to  develop  drugs  for  the 
therapies  of  these  diseases. 

Our  results  of  y-synuclein  in  cancer  cells  seem  different  from  those  of  a-synuclein  in 
neuronal  cells.  It  remains  to  be  determined  whether  these  differences  are  caused  by  the  different 
cellular  context  between  cancer  and  neuronal  cells,  by  different  subcellular  localization  of  the 
proteins  in  various  normal  and  tumor  cell  types,  or  by  innate  difference  in  protein  functions 
between  y-  and  a-  synucleins.  a-Synuclein  over-expression  in  HEK  293  cells  or  A2780  cells 
does  not  induce  apoptosis  [Iwata,  2001  #101;  Pan  and  Godwin,  data  not  shown].  In  neurons, 
mutant  a-synuclein  may  accelerate  apoptosis  (58-61)  while  wild-type  a-synuclein  may  induce 
or  block  apoptosis,  depending  on  the  path  of  apoptosis  induction  (29,58-60,62).  In  Parkinson’s 
diseases,  mitochondrial  dysfunction  and  oxidative  stress  are  believed  to  be  the  two  main  causes 
for  neuronal  death  (63).  The  apoptotic  role  of  wild-type  a-synuclein  in  neuronal  apoptosis  may 
be  secondary  by  disrupting  mitochondria  and  causing  oxidative  stress  (64).  There  is  evidence 


-20- 


Y-Synuclein  promotes  cancer  cell  survival  by  affecting  MAPK  pathways 


that  the  roles  of  synuclein  in  neurodegenerative  diseases  appear  to  be  quite  different.  In  contrast 
to  the  role  of  a-synuclein  in  neuronal  degeneration,  y-synuclein  does  not  cause  neuronal 
apoptosis  (65).  y-  and  P-Synucleins  are  not  detected  in  Lewy  bodies  or  Lewy  neurites  (8,14), 
and  they  are  intrinsically  less  fibrillogenic  than  a-synuclein  and  cannot  form  mixed  fibrils  with 
a-synuclein  (66).  Therefore,  it  would  be  of  interest  to  determine  whether  the  normal  protective 
role  of  y-synuclein  is  lost  in  the  neurons  of  PD  and  other  neurodegenerative  diseases.  Overall, 
our  studies  provide  new  insight  into  the  biological  function  of  y-synuclein  and  its  role  in  the 
pathogenesis  of  the  breast  and  ovary  and  offer  a  new  therapeutic  target  for  future  treatment. 
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FIGURE  LEGENDS 

Fig.  1.  Establishment  of  cell  lines  that  ectopically  over-express  y-synuclein.  Whole  cell  lysates 
from  the  parental  cells  or  stably-transfected  cells  were  analyzed  by  SDS-PAGE  and  immuno- 
blotting.  Protein  levels  of  y-synuclein  were  determined  by  Western  blotting  with  y-2,  a 
polyclonal  antibody  specific  for  y-synuclein.  Protein  loading  levels  were  evaluated  by  immuno- 
blotting  with  anti-a-actin  antibody.  The  numbers  beneath  each  band  represent  the  densitometry 
units  (A2780  was  assigned  the  arbitrary  unit  1.0  in  the  a-actin  blot).  y-Synuclein  protein  levels 
were  normalized  to  the  protein  levels  of  a-actin.  The  graph  represents  the  average  ±  S.E.  of  at 
least  three  independent  experiments,  and  representative  blots  are  shown  here.  Molecular  mass 
standards  (in  kilodaltons)  are  indicated  to  the  left  of  each  blot. 

Fig.  2.  Interaction  between  y-  and  a-synucleins  with  ERK1/2  and  JNK.  Cell  lysate  from 
A2780,  A2780/gam  or  A2780/alpha  were  immunoprecipitated  with  Syn303,  Nig  (normal  IgG)  or 
irrelevant  antibodies  (not  shown)  as  described  in  the  Experimental  Procedures  section.  The 
proteins  in  the  immunoprecipitates  were  identified  by  immunoblotting  with  antibodies  against 
ERK1/2,  JNK1,  p38,  and  y-2  (a  polyclonal  antibody  specific  for  y-synuclein).  Molecular  mass 
standards  (in  kilodaltons)  are  indicated  on  the  left.  Non-specific  bands  around  the  IgG  heavy 
(**)  and  light  (*)  chains  are  indicated  by  asterisks. 

Fig.  3.  Activation  of  ERK  in  cells  over-expressing  y-synuclein.  A,  ERK1/2  activation  is 
enhanced  in  y-synuclein  over-expressing  A2780  cells.  Whole  cell  lysates  (40  /ig/lane)  from 
A2780  cells  (parent)  or  A2780  cells  transfected  with  y-,  P-,  or  a-synuclein  were  separated  by 
SDS-PAGE  and  blotted  with  appropriate  antibodies.  The  levels  of  activated  ERK  or  total 
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ERK1/2  were  determined  using  an  anti-phospho-ERK  specific  antibody  or  ERK1/2  antibodies, 
respectively.  The  number  beneath  each  band  represents  the  arbitrary  densitometry  units  of  the 
corresponding  band  (the  integrated  densitometry  reading  number  of  A2780  or  OVCAR5  was 
assigned  to  an  arbitrary  unit  1.0,  and  the  other  readings  were  normalized  thereafter).  The 
synucleins  were  evaluated  by  blotting  with  specific  antibodies,  i.e.,  y-2  for  y-synuclein,  Syn207 
for  (3-synuclein,  and  Syn204  for  a-synuclein,  respectively.  B,  activation  of  ERK  by  y- 
synuclein  in  OVCAR5  cells  but  not  HEK  293  cells.  Whole  cell  lysate  (40  pg/lane)  from  parental 
or  y-synuclein  over-expressing  cells  were  separated  and  blotted  as  in  A.  Panels  A  and  B  are 
representative  of  at  least  three  independent  experiments  with  comparable  results.  C,  fold 
increase  of  ERK  activation.  The  data  shown  are  the  average  ±  S.E.  of  three  independent 
experiments.  Phosphorylated  ERK  was  normalized  to  the  protein  level  of  total  ERK.  The  basal 
levels  of  ERK  phosphorylation  in  the  parental  A2780  or  OVCAR5  cells  were  set  as  1.0.  (*) 
Represents  significant  difference  compared  to  the  parental  cells  (p  <  0.05). 

Fig.  4.  Requirement  of  MEK1/2  for  y-synuclein  enhanced  ERK1/2  activation.  A,  A2780and 
A2780/gam  cells  untreated  or  treated  with  the  MEK1/2  inhibitor,  U0126  (10  pM),  were  lysed 
and  30  pg  of  proteins  were  loaded  into  each  lane.  As  in  Fig.  3,  anti-  phospho-ERKl/2  specific 
antibody  was  used  to  detect  activated  ERK1/2;  and  the  antibody  against  ERK1/2  was  used  to 
detect  the  protein  level  of  total  ERK1/2.  B,  the  interaction  between  ERK  and  y-synuclein  is 
independent  of  the  activation  status  of  ERK1/2.  A2780/gam  cells  in  normal  10%  FBS  medium, 
10%  FBS  medium  with  U0126  (10  pM),  or  serum-free  medium  were  lysed  and 
immunoprecipitated  with  Syn303  or  control  IgG.  The  proteins  in  the  immunoprecipitates  were 
detected  with  the  antibodies  against  ERK1/2  or  against  human  y-synuclein  (y-2).  The 


-24- 


Y-Synuclein  promotes  cancer  cell  survival  by  affecting  MAPK  pathways 

autoradiogram  shown  is  the  representative  of  three  independent  experiments  with  comparable 
results. 

Fig.  5.  Inhibition  of  JNK  activation  by  y-synuclein  in  response  to  UV  treatment.  A2780, 
A2780/gam,  A2780/beta,  OVCAR5,  OVCAR5/gam  cells  were  un-treated  or  treated  with  UV 

(20  J/M^)  and  cells  were  lysed  at  30  min.  JNK  activities  were  analyzed  by  an  immunocomplex 
kinase  assay  using  GST-c-JUN  as  substrate.  The  phosphorylated  GST-c-JUN  by  activated 
JNK  was  evaluated  by  immunoblotting  with  anti-phospho-c-JUN  specific  antibody  (see 
Experimental  Procedures  for  details).  The  protein  levels  of  JNK  and  y-synuclein  were 
determined  by  immunoblotting  with  anti-JNK  and  y-2  antibody,  respectively.  The  number 
beneath  each  band  represents  the  arbitrary  densitometry  units  of  the  corresponding  band.  The 
blots  shown  here  are  representative  of  three  independent  experiments  with  comparable  results. 
JNK  activities  were  measured  by  levels  of  phosphorylated  c-JUN  and  normalized  to  levels  of 
total  JNK  proteins.  The  graph  above  the  blots  is  the  average  ±  S.E.  of  three  independent 
experiments.  (*)  Represents  significant  inhibition  of  JNK  activation  compared  to  that  in  the 
parental  cells  (p  <  0.05). 

Fig.  6.  JNK  activation  is  down-regulated  by  over-expression  of  y-synuclein  in  response  to 
sodium  arsenate.  HEK293,  OVCAR5,  and  A2780  cells  and  their  y-synuclein  over-expressing 
counterparts  were  treated  with  Na-arsenite  (50  pM)  for  6  hrs.  Cells  were  lysed  and  the  extracts 
assayed  for  JNK  activity  as  described  in  the  legends  for  Fig.  5.  The  number  beneath  each  band 
represents  the  arbitrary  densitometry  units  of  the  corresponding  band.  The  blots  shown  here  are 
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representative  of  three  independent  experiments  with  comparable  results. 

Fig.  7.  y-Synuclein  protects  cells  from  paclitaxel  (Taxol)  induced  cell  death  and  is  partially 
mediated  by  ERK  activation.  A,  Taxol  does  not  affect  ERK  activity  or  y-synuclein  mediated 
ERK  activation.  A2780  or  A2780/gam  cells  pre-treated  with  or  without  U0126  (10  pM)  were 
treated  with  Taxol  (30  pM)  in  the  absence  or  presence  of  U0126  for  30  min.  Whole  cell  lysate 
were  separated  by  SDS-PAGE  and  blotted  with  phospho-ERK  to  determine  the  level  of  active 
ERK,  or  with  ERK1/2  antibodies  for  the  level  of  total  ERK1/2.  The  number  beneath  each  band 
represents  the  arbitrary  densitometry  units  of  the  corresponding  band.  The  blots  shown  here  are 
representative  of  three  independent  experiments  with  comparable  results.  B,  cell  death  induced 
by  Taxol  was  significantly  reduced  in  cells  over-expressing  y-synuclein.  A2780  and 
A2780/gam  cells  treated  with  Taxol  for  48hr  in  the  presence  or  absence  of  the  MEK1/2  inhibitor, 
U0126.  Cell  death  was  determined  by  trypan  blue  staining  (shown)  and  WST-1  assays  (not 
shown).  The  graph  represents  the  average  ±  S.E.  of  three  independent  experiments.  (*) 
Represents  significant  difference  in  cell  death  between  A2780  and  A2780/gam  cells  (p  <  0.05). 

Fig.  8.  Taxol  activated  JNK  and  caspase-3  apoptotic  pathway  is  blocked  by  y-synuclein.  A, 
down-regulation  of  JNK  activation  by  Taxol  in  cells  over-expressing  y-synuclein.  Cell  lysates 
from  A2780  and  A2780/gam  cells  treated  with  or  without  Taxol  (30  pM)  for  60  min  were 
assayed  for  JNK  activity  (see  the  legend  for  Fig.  5  for  experimental  details).  The  number 
beneath  each  band  represents  the  arbitrary  densitometry  units  of  the  corresponding  band.  The 
blots  shown  here  are  representative  of  three  independent  experiments  with  comparable  results. 
JNK  activities  were  measured  by  levels  of  phosphorylated  c-JIJN  and  normalized  to  levels  of 
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total  JNK  proteins.  The  graph  above  the  blots  is  the  average  ±  S.E.  of  three  independent 

experiments.  B,  down-regulation  of  caspase-3  activity  activated  by  Taxol  in  A2780/gam  cells.  ! 

A2780  and  A2780/gam  cells  treated  with  Taxol  (30  pM)  for  different  time  lengths  were  lysed, 

and  approximately  20  pg  protein  were  incubated  with  the  caspase-3  substrate  Ac-DEVD-pNA 

for  4hr  at  37UC.  Cleavage  of  the  substrate  to  release  pNA  was  monitored  at  405  nm  using  a 

microplate  reader.  The  graph  represents  the  average  ±  S.E.  of  three  independent  experiments.  In 

panels  A  and  B,  (*)  represents  significant  difference  compared  to  that  in  the  parental  cells  (p  < 

0.05). 

Fig.  9.  Vinblastine  induced  cell  death  and  activation  of  the  MAPK  pathways  in  y-symiclein 
over-expressing  cells.  A,  the  cell  death  induced  by  vinblastine  was  significantly  reduced  in  cells 
over-expressing  y-synuclein.  A2780  and  A2780/gam  cells  treated  with  vinblastine  (0.1,  1,  or  10 
pM)  for  30  hr  in  the  presence  or  absence  of  the  MEK1/2  inhibitor,  U0126.  Cell  death  was 
determined  by  trypan  blue  staining.  The  graph  represents  the  average  ±  S.E.  of  three 
independent  experiments.  (*)  Represents  significant  difference  in  cell  death  between  A2780  and 
A2780/gam  cells  (p  <  0.05).  B,  inhibition  of  JNK  activation  by  y-synuclein  in  response  to 
vinblastine  treatment.  A2780  and  A2780/gam  cells  were  un-treated  or  treated  with  vinblastine 
(lpM,  and  lOpM)  for  30  min  and  60  min  before  lysis  for  JNK  activity  assay.  JNK  activities 

were  analyzed  as  described  in  the  legend  for  Fig.  5.  The  number  beneath  each  band  represents  j 

! 

the  arbitrary  densitometry  units  of  the  corresponding  band.  The  blots  shown  here  are 
representative  of  three  independent  experiments  with  comparable  results.  C,  the  effect  of 
vinblastine  on  ERK  phosphorylation.  A2780  or  A2780/gam  cells  pre-treated  with  or  without 
U0126  were  treated  with  vinblastine  (1  pM  and  10  pM)  in  the  absence  or  presence  of  U0126  (10 
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pM)  for  30  min.  Whole  cell  lysates  were  separated  by  SDS-PAGE  and  blotted  with  phospho- 
ERK  to  determine  the  level  of  active  ERK,  or  with  ERK1/2  antibodies  for  the  level  of  total 
ERK1/2.  The  number  beneath  each  band  represents  the  arbitrary  densitometry  units  of  the 
corresponding  band.  The  blots  shown  are  representative  of  three  independent  experiments  with 
comparable  results. 

Fig.  10.  Effects  of  y-synuclein  over-expression  on  etoposide  induced  cell  death  and  activation 
of  the  MAPK  pathways.  A,  cell  death  induced  by  etoposide  was  not  significantly  altered  in  cells 
that  over-express  y-synuclein.  A2780  and  A2780/gam  cells  treated  with  etoposide  (1  pM,  10 
pM,  100  pM)  for  56  hr  in  the  presence  or  absence  of  the  MEK1/2  inhibitor,  U0126.  Cell  death  was 
determined  by  trypan  blue  staining.  The  graph  represents  the  average  ±  S.E.  of  three 
independent  experiments.  B,  vinblastine  treatment  does  not  induce  JNK  activation.  A2780  and 
A27 80/gam  cells  treated  with  or  without  etoposide  (10  pM,  and  100  pM)  for  30  min  and/or  60 
min  before  lysis  for  JNK  activity  assay.  JNK  activities  were  analyzed  as  described  in  Fig.  5. 

The  number  beneath  each  band  represents  the  arbitrary  densitometry  units  of  the  corresponding 
band.  The  blots  shown  here  are  representative  of  three  independent  experiments  with 
comparable  results.  C,  effect  of  etoposide  on  ERK  phosphorylation.  A2780  or  A2780/gam  cells 
pre-treated  with  or  without  U0126  were  treated  with  etoposide  (10  pM  and  100  pM)  in  the 
absence  or  presence  of  U0126  (10  pM)  for  30  min.  Whole  cell  lysate  were  separated  by  SDS- 
PAGE  and  blotted  with  phospho-ERK  to  determine  the  level  of  active  ERK,  or  with  ERK1/2 
antibodies  for  the  level  of  total  ERK1/2.  The  number  beneath  each  band  represents  the  arbitrary 
densitometry  units  of  the  corresponding  band.  The  blots  shown  here  are  representative  of  three 
independent  experiments  with  comparable  results. 
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Fig.  11.  A  proposed  model  illustrating  how  y-synuclein  promotes  cell  survival  by  modulating 
the  ERK  and  JNK  pathways. 
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Sprouty4A  and  imatinib  in  Gastrointestinal  Stromal  Tumors 

The  abbreviations  used  are:  GIST,  gastrointestinal  stromal  tumors;  RTK,  receptor  tyrosine 
kinase;  PDGF,  platelet-derived  growth  factor;  MAP,  mitogen-activated  protein;  ERK,  extra¬ 
cellular  signal  regulated  kinase;  GRB2,  growth  factor  receptor  binding  protein-2 

Abstract 

Gastrointestinal  stromal  tumors  (GIST)  are  characterized  by  the  presence  of  constitutively 
activated  KIT.  This  observation  has  been  successfully  exploited  in  a  clinical  phase  II  trial  with 
imatinib  mesylate  (Gleevec,  Novartis),  a  selective  tyrosine  kinase  inhibitor.  We  employed  DNA 
microarrays  to  identify  14  genes  that  were  differentially  expressed  between  untreated  and 
imatinib-treated  human  GIST  cells,  in  vitro.  One  of  these  genes,  Sprouty4A  (SPRY4A)  a 
regulator  of  tyrosine  kinase-mediated  signaling  pathways,  was  dramatically  down-regulated  (~7- 
fold)  for  the  entire  duration  of  drug  exposure  (6-48h).  In  addition  we  found  that  imatinib 
inhibited  KIT  phosphorylation  without  affecting  the  total  level  of  KIT  protein.  The  constitutive 
activation  of  ERK1/2  and  AKT  was  also  inhibited  without  affecting  the  total  cellular  levels  of 
either  protein,  however,  we  demonstrate  that  down-regulation  of  SPRY4A  was  dependent  on  the 
activation  of  the  ERK1/2  pathway  and  was  independent  of  AKT  activation.  To  investigate  the 
clinical  correlation  of  these  findings  we  examined  GIST  specimens  from  6  patients  on  a  phase  II 
imatinib  treatment  trial.  Tumor  biopsies  from  three  patients  with  non-responding  GIST 
continued  to  express  high  levels  of  SPRY4A,  whereas  SPRY4A  expression  was  down-regulated  in 
GIST  biopsies  obtained  during  imatinib  therapy  from  three  patients  who  clinically  demonstrated 
durable  partial  response.  Evaluation  of  available  tissue  from  one  of  the  non-responder  found  that 
high  levels  of  SPRY4A  mRNA  positively  correlated  with  expression  of  constitutively  active 
forms  of  c-KIT  and  ERK1/2.  Furthermore,  we  determined  that  this  tumor  possessed  a  mutation 
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in  exon  9  of  c-KIT  that  has  not  previously  been  associated  with  resistance  to  imatinib  mesylate. 
Overall,  our  studies  suggest  that  SPRY4A  is  regulated  by  the  c-KIT,  ERK1/2  pathways  and  may 
be  an  important  genetic  marker  of  immediate  clinical  response  to  imatinib  treatment.  Our  studies 
also  emphasize  the  potential  value  of  an  in  vitro  cell  model  to  assess  GIST  response  to  imatinib 
in  vivo,  for  the  purpose  of  identifying  important  genetic  markers  of  clinical  response  and 
potential  therapeutic. 
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Introduction 

Gastrointestinal  stromal  tumors  (GIST)  are  the  most  common  mesenchymal  malignancies 
of  the  GI  tract.  The  neoplastic  cells,  in  GISTs,  appear  to  belong  to  the  same  lineage  as  the 
interstitial  cells  of  Cajal  (ICC),  which  are  the  pacemaker  cells  regulating  gastrointestinal 
peristaltic  activity1.  GIST  share  many  immunohistochemical,  morphological,  and  ultrastructural 
features  with  ICCs  that  support  this  hypothesis2.  In  a  small  number  of  cases,  however,  these 
tumors  can  be  located  outside  the  GI  tract  (omentum,  peritoneum,  and  retroperitoneum)3  in 
tissues  that  are  not  known  to  contain  ICCs,  and  therefore  the  true  progenitor  cell  is  controversial. 
These  GI  sarcomas  are  characterized  by  the  presence  of  constitutively  activated  KIT  (CD117), 
the  receptor  tyrosine  kinase  (RTK)  encoded  by  the  c-KIT  proto-oncogene,  also  known  as  stem 
cell  factor  receptor4,5.  c-KIT  is  a  member  of  the  RTK  subclass  HI  family  and  has  structural 
homology  to  the  receptors  for  FLT3,  PDGF  and  macrophage  colony-stimulating  factor6.  The 
proposed  mechanism  of  constitutive  KIT  tyrosine  phosphorylation  in  most  GIST  is  a  gain  of 
function  mutation  in  the  c-KIT  gene.  These  mutations  generally  involve  either  missense 
nucleotide  substitutions  or  in-frame  deletions,  but  a  minority  of  GISTs  has  in-frame  insertions, 
resulting  in  c-KIT  activation.  Most  c-KIT  mutations,  in  GISTs,  involve  exon  11,  which  encodes 
a  portion  of  the  cytoplasmic  juxtamembrane  domain.  Smaller  numbers  of  mutations  involve 
exon  9  (extracellular  domain),  exon  13  (first  part  of  the  split  tyrosine  kinase  domain),  or  exon  17 
(phosphotransferase  domain) 4’5'7'9. 

Most  GISTs  are  diagnosed  in  middle-aged  to  older  adults  and  can  occur  anywhere  in  the 
gastrointestinal  tract  but  predominantly  are  localized  to  the  stomach10.  Malignant  GISTs  often 
present  with  synchronous  metastatic  disease  and  even  those  amenable  to  complete  surgical 
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resection  often  recur  locally,  with  a  5-year  actuarial  survival  rate  of  approximately  50%'  \ 
Patients  with  metastatic  disease  uniformly  have  a  poor  prognosis  with  a  median  survival  of  6-8 
months,  as  GISTs  have  been  historically  resistant  to  conventional  and  investigational  therapy. 

Imatinib  (imatinib  mesylate,  Gleevec,  Novartis,  Basel,  Switzerland),  formerly  known  as 
STI571,  is  a  2-phenylaminopyrimidine  derivative  oral  administrated  drug  which  in  pre-clinical 
studies  inhibits  c-ABL,  BCR-ABL,  and  PDGFRA/B12,13.  Several  phase  I/n  clinical  trials  have 
demonstrated  the  efficacy  of  imatinib  in  the  treatment  of  CML  patients  with  the  Philadelphia 
chromosome  and  the  BCR/ABL  translocation14'16.  This  drug  has  also  been  shown  to  be  a  specific 
in  vitro  inhibitor  of  c-KIT  phosphorylation  in  several  tumor  cell  lines12,17.  After  suggestive 
initial  pre-clinical  studies  it  was  proposed  that  activated  c-KIT  was  an  early  event  in  the 
initiation  and  progression  of  the  malignant  phenotype  for  GIST.  A  recent  report  indicated  that 
imatinib  rapidly  inhibits  c-KIT  phosphorylation  and  tumor  cell  proliferation,  while  inducing 
apoptosis,  in  an  established  human  GIST  cell  line  (GIST882).  GIST882  is  an  immortal  GIST 
cell  line  that  expresses  an  activating  c-KIT  mutation  encoded  by  a  homozygous  exon  13 
missense  mutation  (i.e.,  K642E  amino  acid  substitution)18.  The  KIT  RTK  target  has  been 
exploited  in  two  recently  completed  phase  I/II  clinical  trials  of  GIST  with  early  indications  of 
over  50%  of  patients  with  unresectable  or  metastatic  GISTs  demonstrated  a  classic  partial 
response  and  only  10%  of  patients  manifested  disease  progression  while  receiving  imatinib19,20. 

Despite  its  early  clinical  success  there  are  limited  pre-clinical  and  clinical  data  on  the 
molecular  targets  of  imatinib  downstream  from  c-KIT.  In  particular  there  has  not  been  a 
comprehensive  evaluation  of  changes  in  GIST  gene  expression  following  imatinib  therapy.  We 
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hypothesized  that  evaluating  gene  expression  arrays  from  a  GIST  cell  line  and  from  GIST 
patients  pre  and  post-imatinib  treatment  could  potentially  identify  novel  genetic  targets  of  this 
therapy  in  patients  with  GIST  and  subsequently  define  additional  downstream  mediators  of 
response.  Our  strategy  was  to  better  characterize  genetic  markers  of  response  to  imatinib  and 
correlate  these  to  the  GIST  patient  clinical  status.  Therefore  the  initial  primary  objectives  of  this 
study  were  to  determine  the  differential  in  vitro  gene  expression  patterns  of  the  GIST882  cell 
line  following  imatinib  treatment,  to  identify  imatinib-specific  genetic  targets,  and  to  validate 
those  findings  in  clinical  tumor  specimens  obtained  from  GIST  patients  before  and  during 
imatinib  therapy. 

Results: 

Expression  profiling  of  GIST  cells  treated  with  Imatinib  using  cDNA  microarrays 

To  identify  potential  imatinib-specific  genetic  targets,  we  treated  a  human  GIST  cell  line 
(GIST882)  with  10  fiM  STI-571  for  0,  6,  24,  or  48  hr.  RNA  samples  labeled  with  Cy3-  or  Cy5- 
dyes  were  hybridized  to  10,368-element  cDNA  microarrays  containing  known  genes  and  ESTs. 
We  identified  a  total  of  14  genes,  which  displayed  a  significant  change  (at  least  2.5-fold)  in 
expression  levels  following  treatment.  Two  genes  were  upregulated  and  12  genes  were  down- 
regulated  (Fig.  1A).  We  calculated  the  mean  intensity  ratio  for  all  spots  during  the  course  of 
drug  treatment  and  found  that  out  of  the  12  genes  which  showed  decreased  expression  following 
drug  treatment,  only  one  transcript  was  dramatically  down-regulated  at  each  time  point  (from  4- 
to  13-fold)  (Fig.  IB).  Therefore,  we  focused  our  studies  on  this  gene.  Upon  sequencing  and 
database  evaluation,  we  found  that  the  sequence  of  the  spotted  cDNA  fragment  matched  two 
isoforms  of  Sprouty4,  4A  and  4C  (Fig.  2A).  SPRY4A  (NCBI  accession  AF227516)  and  SPRY4C 
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(AF227517)  represent  alternatively  splice  forms  of  the  same  gene.  SPRY4A  transcript  encodes 
for  a  322  amino  acid  protein,  while  SPRY4C  transcript  encodes  for  a  106  amino  acid  polypeptide 
(Fig.  2A,  lower  panel).  The  SPRY4A  transcript  includes  all  of  the  SPRY4C  sequence  with 
extended  amino  and  carboxy  termini. 

To  validate  the  microarray  results,  we  derived  a  cDNA  probe  that  would  detect  both  the 
~5,000  base  ( SPRY4A )  or  the  -7,000  base  ( SPRY4C)  transcripts  of  Sprouty4.  Northern  blot 
analysis  indicated  that  SPRY4A  was  down-regulated  following  treatment  with  10  pM  imatinib 
(Fig.  2B).  In  comparison,  SPRY4C  transcript  was  not  detected  by  Northern  blotting  (data  not 
shown).  We  also  designed  a  set  of  oligonucleotide  PCR  primers  that  would  differentiate 
between  the  two  Sprouty4  transcripts  (Fig.  2A).  The  oligonucleotide  primer  pair  1F/1R  is 
predicted  to  yield  a  RT-PCR  product  of  -500  bp  that  would  represent  both  SPRY4A  and  4C.  In 
comparison,  primer  pair  2F/2R  would  yield  a  fragment  of  812  bp  for  SPRY4A  and  a  358  bp 
fragment  for  SPRY4C  (Fig.  2A).  Our  RT-PCR  analysis  confirmed  that  SPRY4A,  and  not  4C  was 
constitutively  expressed  in  GIST  cells  and  exhibited  dramatic  down-regulation  after  drug 
treatment  (Fig.  2C). 

Imatinib  inhibits  SPRY4A  expression  through  down-regulation  of  c-KIT,  ERK1/2  and 
AKT. 

We  next  examined  GIST882  cells  for  activation  of  c-KIT,  ERK1/2  and  AKT  using  anti- 
phosphorylated  antibodies.  c-KIT,  ERK1/2  and  AKT  were  found  to  be  constitutively  activated 
in  exponentially  growing  GIST882  cells  (Fig.  3A).  The  inhibitory  efficacy  of  the  drug  on  the 
activity  of  c-KIT,  ERK1/2  and  AKT  was  then  evaluated  with  different  drug  concentrations  (1 
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and  10  pM)  at  various  time  intervals.  We  found  that  either  drug  concentration  resulted  in  loss  of 
phosphorylated  c-KIT  within  30  minutes  without  affecting  the  total  level  of  KIT  protein  (Fig. 
3A).  Imatinib  also  potently  inhibited  the  constitutive  activation  of  ERK1/2  (ppERKl/2)  without 
affecting  total  cellular  levels  of  ERK1/2  (Fig.  3A).  Inhibition  of  AKT  took  place  within  30 
minutes  for  10  pM  of  imatinib  and  1  hour  for  1  pM  without  affecting  the  total  level  of  AKT 
(Fig.  3A).  We  next  evaluated  Imatinib  effects  SPRY4A  mRNA  expression  in  GIST882.  At  both 
concentrations  of  drug,  SPRY4A  levels  were  noticeably  decreased  by  3  hrs  and  virtually 
undetectable  by  6  hrs  (Fig.  3B).  Therefore,  we  showed  in  GIST882  cells  that  imatinib  treatment 
resulted  in  decreased  autophosphorylation  of  the  mutant  c-KIT  polypeptide  by  inhibiting  c-KIT 
kinase  activity  rather  than  by  down-regulating  expression  of  the  c-KIT  protein.  Furthermore, 
this  inhibition  leads  to  down-regulation  of  the  activation  of  ERK1/2  and  AKT  and  decreased 
levels  of  SPRY4A  mRNA. 

SPRY4A  expression  is  regulated  by  the  ERK1/2  signaling  pathway  independent  of  AKT. 

Previous  studies  have  shown  that  the  ERK  pathway  positively  regulates  the  expression  of 
the  Sprouty  genes  in  mouse  cells,  and  that  in  a  limited  number  of  tumor  cell  lines  which  exhibit 
constitutive  activation  of  ERKs,  SPRY1  and/or  SPRY2  mRNA  is  elevated21.  To  determine  if 
ERK  1/2  pathways  also  regulated  SPRY4A  in  tumor  cells,  we  treated  the  GIST882  line  with 
varying  concentrations  of  U0126,  a  MEK  inhibitor,  for  6  hr  and  24  hr  and  evaluated  the 
expression  of  SPRY4A.  We  found  that  SPRY4A  levels  were  decreased  -90%  and  -70%  by  6  and 
24  hrs,  respectively  at  a  concentration  of  30  pM  U0126  (data  not  shown).  Lower  doses  of 
U0126  had  minimal  effect  on  SPRY4A  levels  at  either  of  the  time  points  (data  not  shown).  We 
next  evaluated  the  levels  of  constitutively  activated  ERK1/2  following  treatment  with  30  pM 
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U0126  for  30  min,  1, 3,  and  6  hrs.  This  treatment  resulted  in  a  complete  suppression  of  activated 
ERKs  by  30  min;  expression  of  SPRY4A  was  reduced  by  3  hrs  and  was  nearly  absent  by  6  hrs 
(Fig.  4A  and  4B).  The  level  of  SPRY4A  down-regulation  was  comparable  to  that  seen  with 
imatinib,  except  that  the  duration  of  suppression  with  a  single  dose  of  imatinib  was  more 
prolonged  (data  not  shown).  Interestingly,  U0126  inhibits  phosphorylation  of  AKT  shortly  after 
treatment  but  this  effect  was  transient  and  the  amount  of  phospho-AKT  returned  to  the  initial 
level  within  3  hours  of  treatment  (Fig.  4A).  Furthermore,  the  presence  of  U0126  did  not  affect 
the  levels  of  total  AKT.  These  results  further  confirm  that  constitutive  activation  of  ERK1/2 
through  the  c-KIT  pathway  leads  to  expression  of  SPRY4A  and  that  this  process  may  be 
independent  of  AKT  signaling. 

SPRY4A  expression  in  clinical  GIST  samples. 

Core  biopsy  tumor  specimens  taken  from  imatinib-treated  GIST  patients  (as  described  in 
Methods)  were  evaluated  for  expression  of  SPRY4A  by  RT-PCR  analysis.  The  expression  levels 
of  SPRY4  were  dramatically  decreased  following  imatinib  therapy  in  tumors  from  patients 
(#1,2,3)  who  showed  a  favorable  clinical  response  to  the  drug  (Fig.  5A).  In  comparison,  the  two 
imatinib-resistant  patients  (#5  and  #6)  expressed  similarly  high  levels  of  SPRY4A  both  pre-  and 
post-treatment.  In  the  patient  (#4)  who  initially  responded  to  the  drug  treatment  but 
subsequently  relapsed,  the  SPRY4A  levels  in  the  tumor  decreased  dramatically  for  the  duration  of 
the  favorable  clinical  response  but  returned  to  the  pre-treatment  levels  during  disease  progression 
(Fig.  5A). 
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In  the  patient  #6,  sufficient  tissue  from  the  non-responding  tumor  was  available  to  evaluate 
the  c-KIT,  AKT  and  ERK1/2  protein  levels.  A  western  blot  of  the  drug  resistant  GIST  indicated 
a  continued  expression  of  activated  forms  of  c-KIT,  AKT  and  ERK1/2  during  imatinib  therapy 
(Fig.  6A,  B,  and  C).  In  comparison,  a  control  specimen  taken  from  an  untreated  patient  with  the 
histological  diagnosis  of  myxoid  liposarcoma,  a  sarcoma  histotype  that  is  clinically  unresponsive 
to  imatinib,  failed  to  express  detectable  levels  of  c-KIT  (Fig.  6A).  Importantly,  in  this  control 
liposarcoma  tissue,  ERK1/2  was  constitutively  activated  (Fig.  6B)  and  SPRY4A  was  expressed  at 
a  level  comparable  to  a  typical  GIST  specimen  (data  not  shown).  These  results  suggest  that 
constitutive  activation  of  ERK1/2  in  GISTs  and  in  a  liposarcoma,  whether  c-KIT-dependent  or  - 
independent,  contribute  to  expression  of  SPRY4A.  We  were  also  able  to  determine  that  the  tumor 
from  patient  #6  possessed  an  in  frame  mutation  (1530ins6)  in  exon  9  of  c-KIT.  Together,  our 
results  suggest  that  SPRY4A  is  regulated  in  GISTs  by  the  c-KIT  and  ERK1/2  pathways  and  may 
be  an  important  genetic  marker  of  clinical  response  to  imatinib  treatment  for  these  tumors.  Also 
we  propose  that  this  exon  9  insertion  of  c-KIT  may  be  associated  with  the  inability  of  GIST  cells 
to  respond  to  imatinib  treatment. 

Discussion 

The  use  of  cDNA  microarrays  to  identify  specific  genetic  targets  for  cytotoxic  agents  as 
well  as  markers  of  drug  resistance  has  been  recently  proposed22.  A  new  paradigm  in  the  clinical 
trial  process  has  been  described,  where  novel  molecular  targets  are  identified  with  a  genomic- 
based  approach  following  Phase  II  clinical  trials  (“prediction-based  clinical  trial  process”)23. 
The  present  study  constitutes  a  timely  effort  in  that  direction. 


-10- 


Sprouty4A  and  imatinib  in  Gastrointestinal  Stromal  Tumors 

We  employed  a  genomic-based  cDNA  microarray  approach  to  identify  potential  genetic 
targets  of  imatinib  therapy  in  gastrointestinal  stromal  tumors.  Our  results  show  that  -0.1%  (14 
of  10,367)  of  the  gene  sequences  evaluated  were  significally  differentially  expressed  in  a  GIST 
cell  line  after  inhibition  of  KIT  oncoprotein  kinase  activity  by  imatinib.  We  observed  that 
Sprouty4A  ( SPRY4A )  mRNA  levels  were  the  most  significantly  down-regulated  of  all  genes 
evaluated  for  the  duration  of  drug  treatment.  With  this  genocentric  approach  we  then  proceeded 
to  identify  some  of  the  upstream  mediators  that  participated  in  that  response.  We  confirmed  as 
expected  that  imatinib  potently  inhibited  the  activity  of  c-KIT  in  a  GIST  cell  line.  Inhibition  of 
KIT  receptor  kinase  activity  markedly  decreased  activation  of  the  MAP  kinases,  ERK1  and 
ERK2  and  the  PI3K-dependent  enzyme  AKT.  Furthermore,  imatinib  had  no  effect  on  total 
cellular  expression  of  c-KIT,  ERK1/2,  or  AKT.  Our  in  vitro  findings  were  then  validated  in  a 
group  of  locally  advanced  or  metastatic  GIST  patients  undergoing  imatinib  therapy.  SPRY4A 
expression  was  found  to  be  a  highly  reliable  predictor  of  immediate  response  to  drug.  Notably, 
SPRY4A  expression  was  an  informative  response  marker  even  in  small  core  tumor  biopsies  that 
are  limited  in  tissue  quantity.  This  is  important  given  phosphospecific  antibodies  often  cross- 
react  with  other  phosphoproteins  that  share  related  phosphorylated  epitopes,  and 
phosphospecifics  are  therefore,  unlikely  to  be  highly  specific  in  paraffin  section 
immunohistochemistry.  Whereas,  the  prospect  of  developing  an  antibody  with  specificity  for 
total  Sprouty4A  may  be  more  realistic.  Our  study  also  uncovered  an  activating  mutation  in  c- 
KIT  that  was  associated  with  a  failure  to  respond  to  imatinib.  This  in  frame  mutation  (1530ins6) 
in  exon  9  of  c-KIT  has  previously  been  described  in  a  study  of  Japanese  GIST  patients24,  but  has 
not  been  correlated  with  response  to  imatinib.  Overall,  we  demonstrated  the  potential  of  a  GIST 
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cell  to  serve  as  a  surrogate  model  to  assess  GIST  response  to  imatinib  in  vivo,  for  the  purpose  of 
identifying  important  genetic  markers  of  clinical  response  and  potential  therapeutic  targets. 

The  cDNA  gene  expression  array  screen  identified  SPRY4A  as  an  imatinib-responsive 
gene.  However,  little  is  known  about  the  overall  function  of  SPRY4A  or  whether  it  has  a 
potential  role  in  the  pathogenesis  of  gastrointestinal  stromal  tumors.  Sprouty  was  originally 
identified  as  a  down-regulator  of  the  “Breathless”  (the  Drosophila  equivalent  of  fibroblast 
growth  factor  receptor)  signaling  cascade  that  governs  tracheal  branching25.  Sprouty  is  an 
intracellular  protein  associated  with  the  inner  surface  of  the  plasma  membrane  that  binds  two 
intracellular  components  of  the  Ras  pathway,  Drk  (the  Drosophila  homolog  of  Grb2)  and  Gapl, 
a  Ras  GTPase-activating  protein  .  Sprouty  is  an  inhibitor  of  Ras  pathway  signal  transduction  in 
particular  and  of  RTK  signaling  in  general26,27.  While  Drosophila  has  only  one  Sprouty  protein, 
mammals  have  at  least  five  related  proteins  (Sprouty  1,  2,  3, 4A,  and  4C)  encoded  by  four  genes. 
The  Sprouty  proteins  are  classified  under  the  same  gene  family  by  virtue  of  their  characteristic 
cysteine-rich  residues  located  in  their  carboxyl  termini.  The  biological  role  of  vertebrate  Sprouty 
seems  to  be  evolutionarily  conserved  as  murine  Spry2  has  been  shown  to  interfere  with  the  FGF- 
mediated  processes  of  lung  morphogenesis,  and  murine  Spry2  and  Spry4  inhibit  FGF-mediated 
bone  growth  and  limb  patterning28'30.  The  mouse  Sprouty-4  protein  (which  has  93%  homology 
with  SPRY4A  at  the  amino  acid  level)  has  also  been  shown  to  inhibit  vascular  endothelial 
growth  factor  (VEGF)-mediated  angiogenesis  via  inhibition  of  RTK  signaling  upstream  of  Ras31. 
However,  the  precise  molecular  mechanisms  by  which  Sprouty  proteins  negatively  modulate 
RTK  signaling  pathways  remain  largely  obscure.  Sprouty  proteins  are  thought  to  participate  in  a 
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negative  feedback  regulatory  loop  against  signaling  pathway  mediators  that  include  RTK,  Ras, 
Raf-1  andERKs21. 

The  role  of  the  human  Sprouty  proteins  in  cancer  remains  largely  undefined.  On  the 
surface,  loss  of  SPRY4A  expression  in  imatinib-responsive  GISTs  would  seem  counter  intuitive, 
given  that  the  proposed  action  of  Sprouty  is  that  of  a  general  receptor  tyrosine  kinase  inhibitor. 
Release  of  this  inhibition  would  seem  to  help  promote  tumorigenesis,  not  suppress  tumor  growth. 
For  example,  in  mammalian  cells,  murine  Sprouty  proteins  and  human  SPRY2  have  been  shown 
to  inhibit  EGF-induced  cell  migration  and  proliferation32,33,  but  the  biochemical  basis  for  these 
effects  is  unknown.  In  contrast,  Egan  and  colleagues  have  recently  reported  that  ectopic 
expression  of  either  human  SPRY1  or  SPRY2  did  not  interfere  with  EGF-mediated  activation  of 
MAP  kinase  in  mammalian  cells34.  Although  these  observations  seem  to  be  contradictory  of  the 
genetic  evidence  for  the  function  of  Drosophila  Sprouty,  they  are  in  agreement  with  a  recent 
study  documenting  the  lack  of  inhibitory  effect  of  either  Spryl  or  Spry2  on  EGF-induced  MAP 
kinase  activation  in  mouse  endothelial  cells33.  Furthermore,  recent  studies  have  indicated  that 
SPRY2  binds  to  the  c-Cbl  proto-oncogene  product,  a  negative  regulator  of  receptor  and  non¬ 
receptor  tyrosine  kinases35.  The  potentiating  effects  of  Spry2  on  EGF-induced  MAP  kinase 
activation  have  been  attributed  to  its  interaction  with  c-Cbl  binding34.  This  binding  to  c-Cbl  is 
N-terminal  sequence  dependent35  and  unlike  the  C-terminal  regions  of  the  Sprouty  proteins,  they 
do  not  exhibit  a  large  degree  of  homology  between  family  members.  In  this  aspect,  SPRY1  has 
also  been  found  to  bind  c-Cbl,  whereas  SPRY4  does  not35.  Hence,  one  might  infer  that  SPRY4 
plays  a  different  functional  role  from  SPRY1  and  SPRY2. 
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SPRY4A  may  also  have  an  active  role  in  melanocytes,  mastocytes  and  other  c-KIT 
expressing  cells.  We  have  also  found  that  SPRY4A  is  constitutively  expressed  in  liposarcomas 
and  leiomiosarcomas  (data  not  shown),  sarcoma  histotypes  that  as  a  group  are  unresponsive  to 
imatinib.  In  this  respect  we  have  shown  that  c-KIT  is  not  expressed  in  these  tumors  (Fig.  6  and 
data  not  shown),  but  that  ERK1/2  is  constitutively  activated.  Therefore,  it  is  possible  that 
SPRY4A  expression  in  these  tumors  may  be  regulated  via  the  EGFR  signaling  pathway  given  that 
EGF  treatment  can  also  induce  Spry4  expression  in  mammalian  cells36.  Sprouty  has  also  been 
demonstrated  to  interact  with  Grb226  and  Grb2,  in  turn,  has  been  found  to  be  tyrosine 
phosphorylated  by  Bcr/Abl37.  These  findings  may  further  implicate  Sprouty  in  the  therapeutic 
response  to  imatinib  seen  among  CML  patients.  The  pathogenic  significance  of  Sprouty  in 
GISTs  remains  to  be  determined.  In  particular,  it  is  unclear  whether  Sprouty4A  plays  a  crucial 
role  in  propagating  and/or  modifying  the  KIT  oncogenic  signal,  or  alternately  whether  it  might 
be  a  nonessential  downstream  response  marker  of  an  imatinib-induced  c-KIT  inhibition.  During 
the  preparation  of  the  manuscript,  the  additional  evidence  of  SPRY4  involvement  in  GIST 
became  available38.  This  report  indicates  that  SPRY1,  SPRY4  and  c-KIT  are  among  the  genes 
that  distinguish  GIST  from  another  soft  tissue  sarcomas. 

The  MAP  kinase  family  is  composed  of  several  sub-families  including  the  extracellular 
signal-regulated  protein  kinases  (ERK1/2),  c-Jun  N-terminal  kinase  1  (JNK1),  and  p38  MAP 
kinase39,40.  In  the  mammalian  signal  transduction  system,  GRB2  links  RTK  activation  to  the 
RAS  family  of  proteins,  which  in  turn  stimulate  the  sequential  activation  of  RAF 
serine/threonine  kinases,  MEK,  and  ERK1/237’41,42.  Sprouty  gene  expression  is  positively 
regulated  by  the  ERK  pathway  downstream  of  RTK21.  We  confirmed  for  the  first  time  that 
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SPRY4A,  and  not  SPRY4C  expression  was  dependent  on  activation  of  ERK1/2  in  a  clinical  GIST 
specimen  and  in  a  GIST  cell  line.  Furthermore,  we  have  shown  that  this  down-regulation  is 
apparently  independent  of  the  hyperactivation  of  AKT  given  that  treatment  with  a  MEK 
inhibitor;  U0126  only  transiently  inhibited  phosphorylation  of  AKT  while  SPRY4A  mRNA  levels 
remained  depressed  (Figs.  3  &  4).  This  is  potentially  significant,  given  that  the  PI3K/AKT 
pathway  is  dysregulated  in  many  human  diseases  and  that  imatinib  treatment  results  in  loss  of 
phospho-AKT  (Fig.  3).  It  will  be  important  in  future  studies  to  determine  if  the  therapeutic 
effect  of  imatinib  is  dependent  on  ERK1/2  and/or  AKT  signaling  cascades.  Nevertheless,  we 
have  demonstrated  that  expression  of  SPRY4A  is  a  reliable  marker  of  imatinib  response  in 
GISTs.  Our  findings  also  point  to  SPRY4A  as  a  potential  genetic  endpoint  of  the  imatinib- 
induced  arrest  of  the  c-KIT  signaling  pathway.  This  may  translate  into  the  clinical  application  of 
SPRY4A  expression  as  a  tool  for  early  discrimination  between  patients  that  respond  to  therapy 
and  those  who  will  progress. 

In  summary,  we  have  employed  a  genomic-based  approach  to  identify  SPRY4A  as  a  genetic 
target  of  imatinib  therapy  in  a  GIST  cell  line  and  in  GIST  clinical  specimens.  We  have  also 
identified  ERK1/2  signaling  as  a  regulator  of  SPRY4A  expression  and  as  an  upstream  mediator  of 
imatinib-induced  therapeutic  effects.  Overall,  we  propose  that  the  GIST  cell  culture  model  can 
be  used  effectively  to  assess  GIST  response  to  imatinib  in  vivo,  for  the  purpose  of  identifying 
important  genetic  markers  of  clinical  response  and  potential  future  therapeutic  targets. 

Materials  and  Methods: 
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GIST  cell  culture 

GIST882  cells  were  maintained  in  F-10  media  supplemented  with  15%  FCS,  1%  Bovine 
Pituitary  Extract  (Invitrogen,  Carsbad,  CA),  0.5%  MHO+  Serum  Extender  (Becton  Dickinson, 
Bedford,  MA)  and  L-glutamine. 

GIST  cells  treatment  with  Imatinib 

Imitanib  mesylate  (provided  by  Novartis  Oncology)  was  dissolved  in  water  at  a  stock 
concentration  of  10  mM.  GIST882  cells  were  cultured  to  60-70%  confluency.  Forty-eight  hours 
prior  to  the  treatment,  cells  were  refed  with  complete  media.  Imitanib  was  added  directly  to  the 
media  to  achieve  the  final  concentration  of  either  1  pM  or  10  /xM. 

Total  RNA  preparation 

Imatinib  treated  and  control  GIST882  cells  were  harvested  simultaneously  at  60-80% 
confluency.  Total  RNA  was  isolated  using  guanidinium/isothiocyanate/phenol/chloroform 
method  as  previously  described43.  Total  RNA  was  separated  by  agarose  gel  electrophoresis  and 
visualized  by  ethidium  bromide  staining  to  check  for  integrity.  100  pg  of  total  RNA  was  DNase 
treated  using  “DNA  free”  kit  (Ambion,  Austin,  TX)  according  to  manufacturer’s  specifications. 
Following  DNase  treatment  the  RNA  was  quantified  and  evaluated  for  integrity  by  agarose 
electrophoresis. 

Microarray  preparation 

10,367  human  cDNA  fragments  corresponding  to  known  genes  and  ESTs  from  the 
I.M.A.G.E.  consortium  library  (Research  Genetics)  were  amplified  by  polymerase  chain  reaction 
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(PCR),  purified  by  isopropanol  precipitation  and  resuspended  in  50%  DMSO  at  a  concentration 
of  150  ng/pil.  Arrays  were  spotted  on  GeneMachine  Omnigrid  arrayer  (GeneMachine,  San 
Carlos,  CA)  using  poly-Lysine  coated  glass  slides.  Slides  were  baked  for  3  hours  at  80°C  in  a 
vacuum  oven,  crosslinked  in  UV  light  (90  mJ)  in  Stratalinker  (Stratagene,  La  Jolla,  CA)  and 
processed  as  described  in  MGuide  at  http://smgm.stanford.edu/pbrown/mguide/index.html. 

Preparation  and  hybridization  of  the  probe  cDNA. 

Fifteen  micrograms  of  total  RNA  were  reverse  transcribed  and  amino  allyl  dUTP  was 
incorporated  in  a  reaction  containing  500ng  oligo  (dT)  primers,  lx  first  strand  buffer  (Invitrogen, 
Carlsbad,  CA),  0.01M  DTT,  500  pM  each  of  dATP,  dCTP,  dGTP,  and  dTTP/aadUTP  (2:3  ratio) 
40Units  of  rRNasin  (Promega,  Madison,  WI)  and  200Units  of  Superscript  II  reverse 
transcriptase  (Invitrogen,  Carlsbad,  CA).  After  brief  denaturation  and  annealing  of  the  primers  at 
70°C  for  8  mins,  the  reaction  was  incubated  at  42°C  for  2  hours,  followed  by  alkali  hydrolysis  of 
RNA  and  cDNA  purification  using  Microcon-30  columns  (Millipore,  Bedford,  MA)  according  to 
the  manufacturer’s  instructions.  The  cDNA  was  then  labeled  with  either  Cy3  or  Cy5  dyes  by  a 
coupling  reaction  using  FluoroLink  ™  Cy3  and  Cy5  monofunctional  dyes  (Amersham 
Pharmacia  Biotech,  Piscataway,  NJ)  according  to  manufacture’s  specifications.  Probes  were  the 
purified  using  StrataPrep  PCR  Purification  Kit  (Stratagene,  La  Jolla,  CA).  Two  of  the  samples 
(one  labeled  with  Cy3  and  one  with  Cy5)  were  combined,  denatured,  pre-annealed  in  the 
presence  of  10  pg  of  Cot-1  DNA  (Invitrogen,  Carlsbad,  CA)  and  10  pg  of  poly-dA  DNA,  and 
hybridized  to  the  cDNA  microarrays  overnight  at  42°C  in  hybridization  buffer  (25%  formamide, 
5x  SSC,  0.1%  SDS  and  100  pg/ml  sonicated  salmon  sperm  DNA).  After  hybridization,  the 
arrays  were  washed  2  times  in  washing  buffer  A  (2  x  SSC,  0.1%  SDS)  at  42°C  for  5  minutes  and 
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then  3  times  in  washing  buffer  B  (0.1  x  SSC,  0.1%  SDS)  at  room  temperature  for  10  minutes. 
The  slides  were  briefly  dipped  into  distilled  water  and  dried  in  a  stream  of  nitrogen  before 
scanning. 


Intensity  extraction  and  data  analysis. 

Images  were  obtained  by  scanning  the  arrays  in  Affymetrix  428  scanners.  Signal 
intensities  for  Cy3-  and  Cy5-labeled  probes  were  extracted  by  ImaGene  software  package 
version  4.2  (BioDiscovery,  Inc.,  Marina  Del  Rey,  CA)  using  default  settings  and  auto 
segmentation.  Mean  intensities  for  signal  and  background  as  well  quality  characteristics 
(“empty”  or  “poor”)  of  the  spots  were  obtained  at  this  time.  The  threshold  for  empty  spots  was 
achieved  by  raising  threshold  to  a  point  when  all  blank  spots  were  flagged.  The  formula  for 


determining  this  value  is  as  follows:  if 


(Ms-Ms) 


<  threshold,  then  the  spot  is  flagged,  where 


Ms  is  the  mean  of  signal,  Mb  is  the  mean  of  background  and  Ob  is  the  Standard  Deviation  of  the 


background.  The  “poor”  spots  were  calculated  using  the  following  formula  if  — —  >  threshold, 

M  s 

then  the  spot  is  flagged  (as  is  the  Standard  Deviation  of  the  signal  and  Ms  is  the  Mean  of  signal). 
The  threshold  was  set  at  0.4  to  determine  “poor”  spots.  The  data  were  then  analyzed  using 
GeneSight  software  package  version  3.0.4  (BioDiscovery,  Inc.,  Marina  Del  Rey,  CA).  Data 
preparation  consisted  of  the  following  steps:  1)  background  correction  was  performed  by 
subtracting  the  local  group  median  (clique  size  =  5)  background  from  the  signal  of  each  spot;  2) 
spots  that  were  flagged  as  “empty”  and  “poor”  were  omitted  from  the  analysis;  3)  the  data  were 
normalized  using  Piece- wise  linear  normalization,  which  was  done  using  10  bins  and  a  minimum 
of  100  elements  in  each  bin;  4)  the  intensity  ratio  of  two  channels  was  calculated;  5)  the  log2  was 
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calculated  for  each  ratio;  and  6)  the  two  channels  were  normalized  by  subtracting  the  log2  of  the 
mean  of  the  intensity  of  the  total  signal  from  each  individual  spot  intensity.  At  least  two  “flip- 
dye”  experiments  were  performed  for  each  time  point  and  the  mean  of  the  repeated  experiments 
were  used  in  the  final  data  analysis.  Finally,  the  mean  ratio  for  each  spot  was  calculated  for  all 
time  points  and  the  standard  deviation  and  coefficient  of  variance  were  calculated  for  these 
values. 

cDNA  microarray  clone  verification  and  sequence  analysis 

cDNA  fragments  of  interested  were  obtained  from  original  stock  plates  used  for  microarray 
fabrication  by  either  plasmid  isolation  or  direct  amplification  of  the  fragments  from  the  bacteria. 
Clones  were  re-sequenced  and  the  correct  annotation  and  homology  was  identified  using  the 
basic  local  alignment  search  tool  (BLAST,  NCBI)  against  GenBank/EMBL  database.  DNA  and 
amino  acid  sequence  analyses  were  performed  with  the  Wisconsin  Package  version  9.1  (Genetics 
Computer  Group). 

Northern  Blotting 

Fifteen  micrograms  of  total  RNA  was  used  for  standard  Northern  blot  analysis,  as 
previously  described43.  Blots  were  hybridized  with  a  1,454  bp  32P-labeled  SPRY4A  cDNA  probe, 
corresponding  to  nucleotides  2594-4048  of  GenBank  entry  AF227516. 

Reverse  transcription  of  RNA 

Two  micrograms  of  DNase  treated  RNA  were  reverse  transcribed  using  M-MuLV  reverse 
transcriptase  (NEB,  Beverly,  MA)  in  a  20  fi\  reaction  containing  1  x  RT  Buffer  (NEB,  Beverly, 
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MA),  0.5  mM  each  dNTPs,  4  pM  oligo-dT  (16-18)  primer,  10  units  RNase  inhibitor  (Promega, 
Madison,  WI)  and  200  units  of  reverse  transcriptase.  Primers  were  pre-annealed  for  10  min  at 
70°C,  and  the  reaction  incubated  for  1  hr  at  42°C  followed  by  enzyme  inactivation  for  10  min  at 
90°C. 

Polymerase  chain  reaction 

DNA  fragments  of  the,  SPRY4AJC,  SPRY4A  and  fi-actin  were  amplified  by  polymerase 
chain  reaction  (PCR)  using  cDNAs  obtained  by  reverse  transcription  of  mRNA  from  GIST  cells 
and  tumor  biopsies  as  a  template  and  the  following  sets  of  primers:  SPRY4A  -  forward  5'- 
CCGTTCTGTGGAGAGTCGATTTAC-3',  reverse  -  5'-GTCCCTCAGTGGCTCTCGACT-3'; 
Sprouty4a/4c  (isoform  determining)  -  forward  -  5'-ACCATCCTACCCATTGACCA-3',  reverse 
5’-GGCTTCGACACAAACTGTCA-3’;  (3-actin  -  forward  -  5’- 

CTCACC  ATGGATGATGATATCGC-3  ’ ,  reverse  -  5’- 

CATGATGGAGTTGAAGGTAGTTTCGT-3’.  PCR  was  performed  in  a  reaction  volume  of  30 
[i\  containing  cDNA  from  1  fil  of  the  reverse  transcription  reaction  described  above  as  a 
template,  10  mM  Tris-HCl  pH  8.3,  50  mM  KC1, 1.5  mM  MgCl2,  0.001%  gelatin,  0.5  pM  of  both 
the  forward  and  reverse  primer,  60  pM.  of  each  deoxyribonucleotide,  5%  dimethyl  sulfoxide,  and 
0.5U  Platinum  Taq  DNA  polymerase  (Invitrogen,  Carlsbad,  CA).  Following  an  initial 
denaturation  step  at  95  °C  for  5  min,  DNA  was  amplified  through  21,  23,  25,  and  27  cycles 
consisting  of  5  sec  denaturing  at  95°C,  60  sec  annealing  at  55°C,  and  90  sec  extension  at  72°C. 
The  products  were  resolved  on  a  1.5%  agarose  gel  and  were  visualized  by  UV  light  following 
staining  with  Ethidium  Bromide.  Images  of  the  gels  were  obtained  using  Alpha  Imager  2200 
documentation  and  analysis  system  (Alpha  Innotech,  San  Leandro,  CA).  Images  were  captured 
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within  linear  dynamic  range  and  controlled  for  white  color  saturation.  DNA  bands  were 
quantified  using  Alpha  Imager  v5.5  software  package  and  Fuji  Image  Gauge  v3.11  software 
package  (Fuji  Photo  Film  Co.,  Ltd). 

GIST  cells  treatments  with  MEK  inhibitor 

The  MEK1/2  inhibitor  U0126  was  purchased  from  Promega  (Madison,  WI)  and  dissolved 
in  DMSO  at  a  stock  concentration  of  15  mM.  GIST  cells  were  cultured  to  60-70%  confluency. 
Forty-eight  hours  prior  the  treatment,  the  media  was  replaced.  MEK  inhibitor  was  added  directly 
to  the  media  to  achieve  the  final  concentration  of  1  pM,  10  juM  and  30  pM. 

Cell  lysate  preparation,  SDS-PAGE  and  Western  blot  analysis 

Anti-p-actin  was  purchased  from  Sigma  (St.  Louis,  MO)  and  was  probed  in  1:5000  dilution 
in  5%  dried  milk.  Anti-phospho-c-Kit  (Tyr719)  was  purchased  from  Cell  Signaling  (Beverly, 
MA)  and  was  probed  in  1:500  dilution  in  5%BSA.  Anti-c-KIT  was  purchased  from  Santa  Cruz 
(Santa  Cruz,  CA)  and  was  used  in  1:100  dilution  in  5%  dried  milk.  Anti -phospho-ERK  1/2  was 
purchased  from  Cell  Signaling  (Beverly,  MA),  anti-ERKl,  and  anti-ERK2  were  obtained  from 
Santa  Cruz  Biotechnology,  Inc  (Santa  Cruz,  CA),  anti-AKT  and  anti-AKT/phosphoThr308 
antibodies  were  obtained  from  Cell  Signaling,  Technology  (Beverly,  MA)  and  were  probed  in 
1:1000  dilution  in  5%  BSA. 

Cells  at  60-70%  confluence  were  washed  twice  with  ice-cold  D-PBS  before  scraping  on 
ice  with  Lysis  Buffer  [20  mM  Tris-HCl,  pH  7.5;  150  mM  NaCl;  2.5  mM  Na-pyrophosphate;  1 
mM  Na-P-glycerophosphate;  5  mM  NaF,  1  mM  NaaVCL,  1  mM  PMSF,  1%  Triton  X-100,  and  1 
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tablet  of  protease  inhibitor  cocktail  (Roche,  Indianapolis,  IN)  per  40  ml  lysis  buffer].  Cellular 
debris  was  removed  by  centrifugation  (14,000  x  g  for  15  min  at  4°C),  and  quantitation  of  protein 
was  performed  using  a  bicinchoninic  acid/copper  (II)  sulfate  assay  (Sigma,  St.  Louis,  MO).  Fifty 
micrograms  of  total  protein  extract  cell  extracts  and  tissues  were  separated  by  standard  SDS- 
PAGE  and  transferred  to  Immobilon-P  (polyvinylidene  difluoride;  Millipore,  Bedford,  MA). 
Prior  to  antibody  probing,  the  membranes  were  blocked  in  5%  dried  milk.  The  primary 
antibodies  were  diluted  1:1000  (unless  other  specified),  and  the  HRP-conjugated  second 
antibodies  were  diluted  1:10,000  (Amersham,  Piscataway,  NJ).  NEN  Renaissance  Enhanced 
Luminol  Reagents  (Boston,  MA)  were  used  as  substrates  for  detection.  For  reuse  of  the  same 
membrane  with  another  primary  antibody,  the  membrane  with  stripped  with  Restore  Western 
Blot  Stripping  buffer  (Pierce,  Rocklord,  IL). 

Clinical  samples 

Tumor  specimens  were  obtained  from  six  patients  enrolled  in  the  CSTI571-B2222  clinical 
trial  sponsored  by  Novartis  Oncology.  Eligibility  criteria  included  histological  confirmation  of 
GIST  with  documentation  of  c-KIT  expression,  as  well  as  evidence  of  unresectable  recurrent 
and/or  metastatic  disease.  After  signing  informed  consent,  patients  were  evaluated  to  confirm 
acceptable  hematologic,  renal  and  hepatic  function.  Patients  were  then  randomized  to  receive 
400  mg  or  600  mg  PO  once  daily  dosing  of  imatinib.  Ultrasound-guided  14  gauge  core  biopsies 
of  non-necrotic  tumor  were  obtained  prior  to  therapy  initiation  and  while  on  drug  for  between  1- 
28  days.  Specimens  were  flash  frozen  and  kept  in  liquid  N2.  Patients  were  monitored  for 
response  to  imatinib  mesylate  at  4-12  week  intervals  by  one  of  the  authors  (M.vM.). 
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Patients  #1-3  had  GIST  of  either  the  stomach  or  the  small  bowel  and  had  a  partial  response 
to  imatinib  treatment  defined  as  greater  than  or  equal  to  50%  decrease  from  baseline  in  the  sum 
of  products  of  perpendicular  diameters  of  all  measurable  lesions.  Patient  #4  had  a  partial 
response  to  imatinib  initially  but  developed  disease  progression  3  months  after  initiation  of  the 
treatment.  The  patient  was  taken  off  drug  and  a  core  tumor  biopsy  was  obtained.  Patients  #5  and 
#6  presented  with  large  intestine  and  gastric  GIST  respectively  and  they  had  no  response  to 
imatinib  treatment,  one  of  them  (#5)  remaining  with  stable  disease  and  the  other  one  developing 
disease  progression  (#6).  Additional  tumor  was  obtained  from  patient  #6  during  palliative 
surgical  resection  approximately  one  week  after  discontinuing  drug  therapy. 

Total  RNA  from  the  tumor  specimens  was  isolated  using  Trizol  reagent  (Invitrogen, 
Carlbad,  CA)  using  manufacturer’s  protocol.  Protein  extracts  from  a  patient  with  a  myxoid 
extremity  liposarcoma  and  GIST  patient  #6  tumor  were  prepared  as  described  above. 
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Figure  Legends: 

Figure  1.  cDNA  microarray  analysis  of  imatinib  treated  GIST882.  A)  Genes  that  were 
differentially  expressed  upon  treatment  with  imatinib.  Shown  are  the  log2  intensity  ratios  for 
each  time  point  and  the  overall  mean  log2  ratio  for  each  gene.  StDev=Standard  deviation, 
CV=Coefficient  of  variance,  EST=Expressed  sequence  tag.  B)  cDNA  microarray  analysis  of 
SPRY4A  expression.  Snapshots  of  actual  hybridization  signal  pairs  from  spotted  SPRY4A  cDNA 
fragment  when  hybridized  with  Cy3-  and  Cy5-  labeled  cDNA  from  GIST  cells  treated  and 
untreated  with  10  /rM  imatinib  for  6, 12,  24,  and  48  hours.  Last  pair  (C)  represents  hybridization 
signals  of  (3-actin  in  both  channels  as  a  control. 

Figure  2.  Structure  of  SPRY4  genes  and  validation  of  the  microarray  experiments.  A) 
Schematic  and  amino  acid  alignment  of  SPRY4A  and  SPRY4C.  Diagonally  shaded  areas 
represent  sequence  unique  for  SPRY4A,  vertically  shaded  area  is  the  sequence  unique  for 
SPRY4C,  black  box  represents  the  fragment  of  the  cDNA  sequence  spotted  on  the  microarray, 
arrows  indicate  the  position  of  primer  sets  used  for  RT-PCR  analysis.  In  the  lower  panel,  the 
amino  acid  sequence  comparison  for  SPRY4A  and  SPRY4C  are  shown.  Shaded  regions 
indicated  regions  of  sequence  identity.  B)  Northern  blot  analysis  of  SPRY4A  expression.  Upper 
panel:  the  SPRY4A  mRNA  levels  in  imatinib  treated  and  control  GIST  cells.  Lower  panel: 
Ethidium  bromide-stained  gel  prior  to  blotting.  The  position  of  the  28s  and  18s  rRNA  is 
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indicated.  C)  RT-PCR  analysis  of  SPRY4  expression.  Upper  panel:  Isoform  determination  and 
the  level  of  the  SPRY4  RT-PCR  product  in  imatinib  treated  and  untreated  GIST  cells.  Lower 
panel:  P-actin  RT-PCR  product  levels  in  drug  treated  and  untreated  GIST  cells. 

Figure  3.  Imatinib  treatment  response  in  GIST  cells.  A)  Analysis  of  phospho-c-Kit/total  c-Kit, 
phospho-AKT/total  AKT,  phospho-ERKl/2/total  ERK1/2  levels  in  drug  treated  and  untreated 
GIST  cells  by  immunoblotting.  B)  RT-PCR  analysis  of  SPRY4A  and  P-actin  levels  in  imatinib 
treated  and  untreated  GIST  cells. 

Figure  4.  Treatment  of  GIST  cells  with  a  MEK  inhibitor  (U0126)  leads  to  decreased  levels  of 
activated  ERK1/2  levels  and  to  reduced  levels  of  SPRY4A.  A)  Analysis  of  phospho- 
ERKl/2/total  ERK1/2,  phospho-AKT/total  AKT  levels  in  U0126  treated  and  untreated  GIST 
cells  by  immunoblotting.  B)  RT-PCR  analysis  of  SPRY4A  and  P-actin  levels  in  U0126  treated 
and  untreated  GIST  cells. 

Figure  5.  Analysis  of  SPRY4A  expression  in  response  to  imatinib  treatment  in  clinical  cases  of 
GIST.  Upper  panel:  Levels  of  SPRY4A  RT-PCR  product  before  and  after  drug  administration  in 
six  patients  with  GIST  [patients  #1,  2,  3  responded  favorably  to  the  drug,  patient  #4  initially 
responded  but  subsequently  progression  (R-P),  and  patients  #5  and  6  failed  to  respond  to 
treatment  (NR)].  Lower  panel:  P-actin  RT-PCR  product  levels  as  a  control. 

Figure  6.  c-KIT,  ERK1/2  and  AKT  expression  in  liposarcoma,  GIST  cells  and  imatinib  resistant 
GIST  by  immunoblotting.  A)  Phospho-c-KIT  and  total  c-KIT  protein;  B)  phospho-AKT  and  total 
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AKT  levels;  and  C)  phospho-ERKl/2  and  total  ERK1/2  levels  in  tumor  and  tumor  cell  line 

extracts. 
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Retinoids,  the  natural  and  synthetic  derivatives  of  vitamin 
A,  have  been  shown  to  regulate  the  growth  and  differentia¬ 
tion  of  a  wide  variety  of  cell  types  and  consequently  have 
enormous  potential  as  chemotherapeutic  agents.  We  have 
previously  identified  2  genes,  termed  OVCAl  and  OVCA2, 
which  are  located  in  a  small  region  showing  a  high  frequency 
of  allelic  loss  in  breast  and  ovarian  tumors  and  share  a  com¬ 
mon  exon.  Recent  studies  have  suggested  that  expression  of 
OVCAl  may  be  influenced  by  retinoids.  Therefore,  we  ana¬ 
lyzed  the  expression  of  OVCAl  and  OVCA2  in  cells  in  re¬ 
sponse  to  treatment  with  all-trans  retinoic  acid  (RA)  and 
N-(4-hydroxyphenyl)retinamide  (4HPR),  or  under  conditions 
of  low  serum  and  confluence,  to  determine  further  the  roles 
of  OVCAl  and  OVCA2  in  cell  growth,  apoptosis  and  differ¬ 
entiation.  We  show  that  OVCA2  mRNA  and  protein  are 
ubiquitously  expressed  and  that  they  are  downregulated  in 
the  lung  cancer  cell  line  Calu-6  after  treatment  with  RA  and 
4HPR.  In  addition,  we  observed  that  OVCA2  protein  is  pro- 
teolytically  degraded  in  response  to  RA  and  4HPR  treatment 
in  a  time-  and  dose-dependent  manner  in  the  promyelocytic 
leukemia  cell  line  HL60.  In  contrast,  expression  of  the  candi¬ 
date  tumor  suppressor  OVCAl  was  not  downregulated  by 
these  treatments.  Furthermore,  we  demonstrate  that 
OVCA2  is  evolutionarily  conserved  and  shows  regional  ho¬ 
mology  with  dihydrofolate  reductases  (DHFRs),  specifically 
with  hydrolase  folds  found  in  a-p  hydrolases.  Our  results  are 
in  contrast  to  a  previous  report  and  show  that  OVCA2,  not 
OVCAl  mRNA  and  protein,  is  downregulated  in  response  to 
RA  and  4HPR. 

©  2002  Wiley-Liss,  Inc . 
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Retinoids,  the  natural  and  synthetic  derivatives  of  vitamin  A, 
have  been  shown  to  regulate  the  growth  and  differentiation  of  a 
wide  variety  of  cell  types  and  consequently  have  enormous  poten¬ 
tial  as  chemotherapeutic  agents.1*2  The  diverse  effects  of  retinoids 
are  mediated  by  binding  to  at  least  6  retinoid  receptors,  which  fall 
into  2  subfamilies:  retinoic  acid  receptors  (RARs)  a,  p  and  y  and 
the  retinoid  X  receptors  (RXRs)  a,  p  and  y.3  The  RARs  and  RXRs 
act  as  transcription  factors,  binding  as  homo-  and  heterodimers  to 
retinoid  response  elements  in  the  promoter  regions  of  target  genes 
and  thus  enhancing  or  repressing  transcription.  In  addition,  RARs 
and  RXRs  can  inhibit  the  expression  of  API -dependent  genes  by 
antagonizing  API  activity.4-6  However,  many  of  the  downstream 
targets  that  lead  to  retinoid-induced  growth  arrest,  differentiation 
and/or  apoptosis  remain  to  be  identified.  In  addition,  synthetic 
retinoids,  such  as  4HPR,  which  have  been  developed  as  chemo- 
prevention  agents  with  an  acceptable  toxicity  profile,  may  well 
differ  in  their  mechanism  of  action.7-9 

Loss  of  heterozygosity  (LOH)  at  17pl3.3  has  been  reported  in 
ovarian  tumors,  breast  tumors,  primitive  neuroectodermal  tumors, 
carcinoma  of  the  cervix  uteri,  medulloblastomas  and  lung  tumors, 
suggesting  that  genes  on  17pI3.3  may  play  a  role  in  the  develop¬ 
ment  of  multiple  cancers.10-18  We  and  others  have  previously 
defined  a  minimum  region  of  allelic  loss  (MRAL)  on  chromosome 
17pl3.3  in  genomic  DNA  from  ovarian  tumors.19*20  Positional 
cloning  and  sequencing  techniques  revealed  at  least  2  candidate 
tumor  suppressor  genes  in  the  ~20  kb  MRAL,  referred  to  as 


OVCAl  or  DPH2L  and  OVCA2.19'20  The  OVCA1/DPH2L  and 
OVCA2  genes  overlap  one  another  in  the  MRAL  and  have  1  exon 
in  common.20  Since  translation  of  OVCAl /DPH2L  does  not  pro¬ 
ceed  into  the  shared  exon  (exon  13  in  OVCA1/DPH2L  and  exon  2 
in  OVCA2),  the  genes  encode  for  completely  distinct  OVCAl  and 
OVCA2  proteins. 

We  have  previously  shown  that  OVCAl  is  a  strong  candidate  for 
a  tumor  suppressor  gene:  it  is  downregulated  in  a  proportion  of 
breast  and  ovarian  tumors,  and  overexpression  of  OVCAl  repro- 
ducibly  inhibits  colony  formation  in  a  variety  of  tumor  cell  lines  21 
However,  recent  studies  have  suggested  that  OVCAl  may  be 
downregulated  after  differentiation  or  growth  arrest  induced  by 
RA  in  lung  cancer  cell  lines,  contrary  to  a  role  as  a  tumor 
suppressor.22  Therefore,  we  have  analyzed  both  OVCAl  and 
OVCA2  mRNA  and  protein  expression  in  cell  lines  treated  with 
all-trans  retinoic  acid  (RA)  and  N-(4-hydroxyphenyl)retinamide 
(4HPR),  or  under  conditions  of  low  serum  and  confluence,  to 
determine  a  possible  role  of  OVCAl  and/or  OVCA2  in  cell 
growth,  apoptosis  and  differentiation.  We  show  that  OVCA2 
mRNA  and  protein  is  downregulated  in  the  lung  cancer  cell  line 
Calu-6  treated  with  RA  and  4HPR,  but  that  OVCAl  is  unaffected. 
Interestingly,  OVCA2  protein  is  degraded  in  response  to  RA  and 
4HPR  treatment  in  the  promyelocytic  leukemia  cell  line  HL60.  In 
addition,  we  present  a  further  characterization  of  OVCA2  and  show 
that  it  is  a  highly  conserved  gene  that  is  related  to  a  variety  of  a-P 
hydrolases  including  esterases,  lipases  and  other  enzymes. 


MATERIAL  AND  METHODS 

Cell  lines 

Cos-1,  MCF-7,  SKOV-3,  HeLa  and  A2780  cells  were  main¬ 
tained  in  DMEM  supplemented  with  10%  FCS,  glutamine  and 
insulin.  A549  cells  were  maintained  in  Kaighn’s  modification  of 
Ham’s  F12  medium  supplemented  with  10%  FCS  and  glutamine. 
HL-60  cells  and  Calu-6  cells  were  maintained  in  RPMI-1640 
supplemented  with  10%  FCS  and  glutamine.  Human  ovarian  sur¬ 
face  epithelial  cell  lines  expressing  SV-40  large  T-antigen  (HIO 
cells)  have  been  previously  described.23 
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Cell  culture  treatments 

RA  (Sigma,  St.  Louis,  MO)  and  4HPR  (NIH)  were  dissolved  in 
ethanol  at  a  stock  concentration  of  10  mM.  Calu-6  and  A549  cells 
were  seeded  at  equal  density  (5  X  105  cells)  in  100  mm  dishes  and 
allowed  to  attach  for  24  hr.  TTiey  were  then  treated  with  either  10 
and  1  jxM  RA  or  4HPR  or  ethanol  alone  for  24,  48,  72  or  96  hr. 
HL60  cells,  which  are  nonadherent,  were  seeded  into  T25  flasks  at 
equal  density  (1  X  105  cells)  and  treated  with  1  or  0.1  pM  RA  and 
4HPR  or  ethanol  alone  for  24,  48,  72  and  96  hr.  A549  cells  were 
cultured  in  1%  FCS  for  1  week  or  cultured  for  3  days  after 
confluence. 

Preparation  of  RN A  and  protein  extracts 

Total  cellular  RNA  was  isolated  using  guanidinium/isothiocya- 
nate/phenol/chloroform  as  previously  described.20  Whole  cell  pro¬ 
tein  extracts  were  made  by  incubating  cells  in  PBSTDS  (10  mM 
Na2HP04,  150  mM  NaCl,  1%  Triton  X-100,  0.5%  deoxycholic 
acid,  0.1%  SDS,  0.2%  NaN3, 1  mM  EDTA,  5  mM  NaF,  100  jtg/ml 
PMSF,  1  p,g/ml  Ieupeptin,  0.7  p,g/ml  pepstatin,  pH  7.25)  as  de¬ 
scribed  previously.21  Quantitation  of  protein  was  determined  using 
a  bicinchoninic  acid/copper  (II)  sulfate  assay  (Sigma).  Extracts 
from  normal  human  tissues  were  purchased  from  GonTech  (Palo 
Alto,  CA). 

Northern  blot  analysis 

Fifteen  micrograms  of  total  RNA  was  used  for  standard  North¬ 
ern  blot  analysis,  as  previously  described.20  Multiple  tissue  North¬ 
ern  blots  containing  5  p.g  of  poly  (A)  "^-selected  mRNA  from  var¬ 
ious  human  tissues  were  purchased  from  Clontech.  Blots  were 
hybridized  with  a  ~830  bp  cDNA  probe  corresponding  to  exon  13 
of  OVCA1  and  exon  2  of  OVCA2  or  a  ~200  bp  cDNA  probe 
corresponding  to  exon  1  of  OVCA2. 

Antibodies 

Anti-P-actin  was  purchased  from  Sigma.  Anti-PARP  antibody 
was  purchased  from  Cell  Signaling  (Beverly,  MA).  The  anti- 
OVCA1  antibody  TJ132  has  been  described  previously.21  For  the 
production  of  anti-OVCA2  antibodies,  a  peptide  corresponding  to 
amino  acids  27-41  of  OVCA2  was  synthesized  (Research  Genet¬ 
ics,  Huntsville,  AL).  Purity  of  the  peptide  was  confirmed  by 
high-performance  liquid  chromatography.  The  peptide  was  conju¬ 
gated  to  malemide-activated  keyhole  limpet  hemocyanin  (Pierce, 
Rockford,  IL)  and  used  to  immunize  a  New  Zealand  White  rabbit 
(Cocalico  Biologicals,  Reamstown,  PA).  Two  milligrams  of  anti¬ 
genic  peptide  were  covalently  linked  to  Aminolink  agarose 
(Pierce)  and  used  to  purify  anti-0 VCA2  antibody  according  to  the 
manufacturer’s  instructions.  The  final  antibody  was  referred  to  as 
TJ143. 

Caspase-3  activity  assay 

Colorimetric  CaspACE  assay  (Promega,  Madison,  WI)  was 
used  to  detect  caspase-3  activity.  HL60  cells  treated  with  1  or  0.1 
p-M  RA  or  4HPR  for  24,  48,  72  and  96  hr  or  with  ethanol  alone 
were  harvested,  snap-frozen  and  stored  at  —  70°C.  The  frozen  cell 
pellet  was  lysed  (20  jjl!  lysis  buffer  per  million  cells)  by  1  cycle  of 
freezing  and  thawing.  Twenty  micrograms  of  cell  lysate  (20-50 
jig  total  protein)  was  incubated  with  the  caspase-3  substrate  Ac- 
DEVD-pNA  for  4  hr  at  37°C.  Cleavage  of  the  substrate  to  release 
pNA  was  monitored  at  405  nm  using  a  microplate. 

FACS  analysis 

HL60  cells  treated  with  1  p,M  RA  or  4HPR  or  ethanol  alone  for 
96  hr  were  harvested  and  stained  with  propidium  iodide.  Fluores¬ 
cent  cells  were  analyzed  using  a  FACScan  machine  running 
CellQuest  software  (Becton  Dickinson,  Franklin  Lakes,  NJ).  The 
percentage  of  cells  in  each  stage  of  the  cell  cycle  was  calculated  by 
the  Watson  Pragmatic  algorithm,  using  FlowJo  software  (Tree 
Star,  San  Carlos,  CA). 

cDNA  cloning  and  cell  transfections 

Cloning  of  the  full-length  OVCA2  cDNA  and  genomic  DNA 
was  previously  described.20  Genomic  OVCA2  DNA  was  subcloned 


into  the  mammalian  expression  vector  pcDNA3  (InVitrogen,  La 
Jolla,  CA)  by  PCR-amplifying  a  DNA  fragment  using  gene-spe¬ 
cific  primers  containing  BamHl  (5')  or  EcoRI  (3')  restriction 
endonuclease  sites,  digesting  the  fragment  and  cloning  it  into  the 
multiple  cloning  sequence  of  pcDNA3.  To  produce  an  N-terminal 
hemagglutinin  (HA)-tagged  OVCA2  expression  vector,  OVCA2 
cDNA  was  first  cloned  into  the  HA -containing  mammalian  expres¬ 
sion  vector  J3H,  and  then  the  HA-OVCA2  cDNA  was  subcloned 
into  pcDNA3.  Cell  lines  were  transfected  during  the  log  phase  of 
growth  with  5  p.g  of  vector  using  the  Superfect  reagent  (Qiagen, 
Chatsworth,  CA),  according  to  the  manufacturer’s  instructions. 

SDS-PAGE  and  Western  blot  analysis 

Fifty  micrograms  of  total  protein  extract  from  tissues  or  30  p.g 
of  total  protein  from  cell  extracts,  unless  otherwise  stated,  were 
separated  by  standard  SDS-PAGE  and  transferred  to  Immobilon-P 
(Millipore,  Bedford,  MA).  The  membranes  were  blocked  either  in 
3%  BSA  and  probed  with  anti-0  VC  A 1  antibody  TJ 132  or  in  5% 
dried  milk  and  probed  with  the  anti-0  VC  A2  antibody  TJ143  or  the 
anti-p-actin  antibody  (Sigma). 

Sequence  analysis 

GenBank/EMBL  and  SwissProt  sequences  showing  homology 
to  OVCA2  were  identified  using  the  basic  local  alignment  search 
tool  (BLAST,  NCBI).  DNA  and  amino  acid  sequence  comparisons 
and  motif  analyses  were  performed  with  the  Wisconsin  Package 
versions  8  and  9.1  (Genetics  Computer  Group). 

Homology  modeling  of  OVCA2 

We  used  methods  described  previously  to  build  a  model  of 
OVCA2.24-25  Briefly,  PSI-BLAST  was  used  to  build  a  sequence 
profile  of  OVCA2  by  iteratively  searching  the  nonredundant  pro¬ 
tein  sequence  database  available  from  the  NCBI.26  Only  sequences 
with  expectation  values  better  than  0.0001  were  included  in  the 
sequence  profile  matrix.  Upon  completion,  this  matrix  was  used  to 
search  a  database  of  protein  sequences  in  the  Protein  Data  Bank27 
of  experimentally  determined  protein  structures.  A  model  of 
OVCA2  was  built  using  the  side-chain  conformation  prediction 
program  SCRWL,28  which  works  by  building  side  chains  on  a 
template  backbone  by  first  placing  residues  according  to  a  back¬ 
bone-dependent  rotamer  library,29  followed  by  a  combinatorial 
search  to  remove  steric  overlaps. 

RESULTS 

Analysis  ofOVCAl  and  OVCA2  under  conditions  of  growth 
arrest  and  apoptosis 

We  have  previously  reported  the  isolation  of  2  candidate  tumor 
suppressor  genes,  referred  to  as  OVCA1  and  OVCA2.20  A  sche¬ 
matic  of  the  2  genes  is  shown  in  Figure  1.  The  full  cDNA  sequence 
of  OVCA1  and  OVCA2  has  been  deposited  into  GenBank  (acces¬ 
sion  numbers  AF335321  and  AF321875,  respectively).  Recent 
studies  suggested  that  OVCA1  was  downregulated  in  response  to 
cell  differentiation,  growth  arrest  and  apoptosis  induced  by  RA  and 
4HPR  in  the  lung  cancer  cell  lines  Calu-6  and  GLC-82  and  the 
promyelocytic  leukemia  cell  line  HL60.22  Since  the  results  were  in 
sharp  contrast  to  our  previous  findings  of  dramatic  growth  sup¬ 
pression  induced  by  overexpression  of  OVCA1,  we  elucidated  the 
expression  of  OVCA1  and  OVCA2  in  response  to  RA  and  4HPR. 
Initially  we  analyzed  the  lung  cancer  cells  Calu-6  and  A549,  using 
the  same  treatments  described  by  Liu  and  colleagues,22  Le .,  cells 
were  treated  with  10  pM  RA  and  4HPR  for  a  period  of  4  days. 

To  determine  whether  the  RA  and  4HPR  treatments  were  af¬ 
fecting  the  growth  properties  of  our  cell  lines,  we  performed  direct 
cell  counts  (Fig.  2a).  Both  cell  lines  treated  with  RA  and  4HPR 
exhibited  a  decrease  in  cell  number  compared  with  control  (Fig. 
2a).  We  analyzed  the  expression  of  OVCA1  and  OVCA2  after  RA 
and  4HPR  treatment  by  Northern  blot  analysis  using  a  probe  to 
exon  2/13  of  OVCA1/2  (Fig.  1).  As  shown  in  Fig.  2 b,  ~2.4  and  1.3 
kb  transcripts  were  expressed  in  both  cell  lines,  corresponding  to 
OVCA1  and  OVCA2  respectively.20  The  1.3  kb  OVCA2  transcript 
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Figure  1- Genomic  organization  of  OVCA1 
(exons  shown  in  black  boxes)  and  OVCA2  (exons 
shown  in  white  boxes).  OVCA1  and  OVCA2  map 
to  a  20  kb  minimum  region  of  allelic  loss  in 
ovarian  tumors,  between  the  markers  D17S28 
and  D17S5/30,  at  17pl3.3.20  The  OVCA1  and 
OVCA2  genes  overlap  one  another  and  have  1 
exon  in  common  (exon  13  of  OVCA1  and  exon  2 
of  OVCA2).  Since  translation  of  OVCA1  does  not 
proceed  into  exon  13  in  OVCA1  or  exon  2  in 
OVCA2,  the  genes  encode  for  completely  distinct 
OVCA1  and  OVCA2  proteins.  Probes  used  for 
Northern  hybridizations  are  shown. 
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Figure  2  -  (a)  Growth  inhibition  of  cells  treated  with  all-trans  retinoic  acid  (RA)  and  N-(4-hydroxyphenyl)retinamide  (4HPR).  Cells  treated 
with  10  p,M  RA  or  4HPR  for  4  days  were  harvested  and  stained  for  trypan  blue  uptake,  and  unstained  cells  were  counted  using  a  hemocytometer. 
The  mean  relative  cell  number  as  a  percentage  of  the  control  is  shown  for  both  cell  lines  from  3  separate  experiments,  together  with  the  standard 
deviation,  shown  as  error  bars.  (£)  Analysis  of  OVCA2  and  OVCAJ  mRNA  expression  in  Calu-6  and  A549  cells  treated  with  10  jxM  RA  or  4HPR 
for  4  days  compared  with  control  cells  (ethanol  alone).  Fifteen  micrograms  of  total  RNA  from  the  indicated  cell  lines  and  treatments  were  used 
for  standard  Northern  blot  analysis.  The  Northern  blot  was  hybridized  with  a  probe  corresponding  to  exon  13  of  OVCA1  and  exon  2  of  OVCA2 , 
or  with  a  probe  to  p-actin,  as  a  control,  as  indicated.  Lower  panel:  Ethidium  bromide-stained  gel  prior  to  blotting.  The  position  of  the  28S  and 
18S  rRNA  is  indicated,  (c)  Analysis  of  OVCA2  and  OVCA1  protein  expression  in  Calu-6  and  A549  cells  treated  with  10  p,M  RA  and  4HPR 
compared  with  control  cells  (ethanol  alone)  for  4  days.  Thirty  micrograms  of  extracts  from  the  indicated  cell  lines  and  treatments  were  separated 
by  12%  SDS-PAGE  and  processed  by  Western  blotting.  The  blots  were  probed  with  the  anti-OVCA2  antibody  TJ143  or  the  anti-OVCAl 
antibody  TJ132.  Anti-p-actin  was  used  a  loading  control.  A  representative  figure  is  shown  from  2  separate  experiments,  (d)  Analysis  of  the 
effects  of  confluence  and  low  serum  on  OVCA2  and  OVCA1  expression.  A549  cells  were  growth-arrested  by  culturing  in  1%  serum  for  1  week 
or  for  3  days  after  confluence.  Thirty  micrograms  of  extracts  from  the  indicated  treatments  were  separated  by  12%  SDS-PAGE  and  processed 
by  Western  blotting.  The  blots  were  probed  with  the  anti-OVCA2  antibody  TJ143  or  the  anti-OVCAl  antibody  TJ132.  Anti-p-actin  was  used 
a  loading  control.  A  representative  figure  is  shown  from  2  separate  experiments. 


was  downregulated  in  both  Calu-6  and  A549  cells  in  response  to 
RA  and  4HPR  treatment.  Liu  et  al.22  also  found  that  a  —1.7  kb 
transcript  was  reproducibly  downregulated  in  Calu-6  cells  after  a 
4-day  treatment  with  RA  or  4HPR;  however,  the  authors  inter¬ 


preted  the  —1.7  kb  transcript  to  be  a  smaller  transcript  of  OVCA1/ 
DPH2L.  The  2.3  kb  OVCA1  transcript  was  unaffected  by  RA 
treatment  in  both  cell  lines.  We  did  observe  slight  variations 
(<  1-fold)  in  OVCA1  mRNA  levels  in  A549  and  Calu-6  cells 
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treated  with  4HPR;  however,  p-actin  normalized  levels  were  un¬ 
changed  (Fig.  2b). 

To  clarify  further  the  effect  of  RA  and  4HPR  on  OVCA1  and 
OVCA2,  we  analyzed  their  protein  expression  after  4-day  treat¬ 
ment  with  10  p,M  RA  or  4HPR  by  Western  blot  analysis.  Anti¬ 
bodies  against  amino  acids  27-41  of  OVCA2  were  generated  by 
injecting  the  peptide  into  rabbits,  and  the  antiserum  was  immuno- 
affinity  purified  (referred  to  as  TJ143).  The  anti-OVCAl  antibod¬ 
ies  TJ132  have  been  described  previously.21  In  Calu-6  cells 
OVCA2  protein  levels  were  downregulated  by  RA  and  4HPR,  but 
OVCA1  was  not  significantly  affected  (Fig.  2c).  In  A549  cells, 
neither  OVCA2  nor  OVCAI  protein  levels  were  measurably  af¬ 
fected  by  RA  or  4HPR  treatment  (Fig.  2  c).  Furthermore,  OVCA2 
protein  levels  were  unaffected  by  growth  arrest  induced  by  cell 
confluence  for  3  days  or  low  serum  for  1  week  in  A549  cells, 
whereas  OVCAI  levels  were  decreased  >2-fold  in  serum-de¬ 
prived  cells  (Fig.  2d). 

The  effect  of  RA  and  4HPR  on  OVCAI  and  OVCA2  protein 
levels  in  Calu-6  and  A549  cells  was  further  evaluated.  Cells  were 
treated  with  1  or  10  jjlM  RA  or  4HPR  for  24,  48,  72  or  96  hr.  In 
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Figure  3  -  Analysis  of  OVCA2  and  OVCAI  protein  expression  in 
Calu-6  and  A549  cells  lines  treated  with  10  all-trans  retinoic  acid 
(RA)  and  N-(4-hydroxyphenyl)retinamide  (4HPR)  compared  with 
control  cells  (ethanol  alone)  for  24,  48,  72  and  96  hr.  Thirty  micro- 
grams  of  extracts  from  the  indicated  cell  lines  and  treatments  were 
separated  by  10%  SDS-PAGE  and  processed  by  Western  blotting.  The 
blots  were  probed  with  the  anti-OVCA2  antibody  TJ 143  or  the  anti- 
OVCAl  antibody  TJ132.  Anti-P-actin  was  used  a  loading  control. 


Calu-6  cells,  OVCA2  protein  only  appeared  to  be  downregulated 
after  96  hr  of  treatment  with  10  jjlM  RA  and  after  48  hr  of 
treatment  with  10  p.M  4HPR  (Fig.  3).  OVCAI  protein  was  not 
affected  by  these  treatments  in  Calu-6  cells.  In  A549  cells, 
OVCA2  was  slightly  downregulated  after  48,  72  and  96  hr  of 
treatment  with  10  p,M  RA  and  4HPR.  OVCAI  protein  levels 
appeared  to  increase  after  96  hr  of  treatment  with  10  pM  4HPR; 
however,  this  increase  was  not  always  consistently  observed.  Nei¬ 
ther  OVCAI  nor  OVCA2  were  affected  by  the  lower  dose  of  1  p.M 
RA  and  4HPR  during  these  time  points  in  either  cell  line  (data  not 
shown).  Overall,  the  results  suggest  that,  in  contrast  to  the  con¬ 
clusions  from  a  previous  report,  OVCA2,  not  OVCAI  can  be 
downregulated  in  response  to  RA  and  4HPR  treatment. 

OVCA2  is  degraded  in  HL60  cells  in  response  to  RA  and  4HPR 
treatment 

We  also  analyzed  the  effect  of  RA  and  4HPR  on  OVCA2 
expression  in  HL60  cells.  Previous  studies  have  shown  that  in 
HL-60  cells  RA  promotes  differentiation,  followed  by  apoptosis, 
and  that  4HPR  induces  apoptosis.30*31  Cells  were  treated  with  0. 1 
and  1  fiM  RA  and  4HPR,  and  the  mRNA  and  protein  levels  were 
evaluated  by  Northern  and  Western  blotting,  respectively.  As 
expected,  the  mRNA  levels  were  reduced  >2-fold  (data  not 
shown).  Interestingly,  the  OVCA2  protein  levels  were  dramati¬ 
cally  reduced  in  response  to  RA  and  4HPR  treatments  (Fig.  4 a). 
The  level  of  25  kDa  full-length  protein  appeared  to  correlate 
directly  with  the  length  of  treatment  and  the  drug  dosage  of  both 
RA  and  4HPR  (Fig.  4 a).  HL60  cells  are  nonadherent,  and  therefore 
this  may  be  an  indication  of  the  number  of  dead  cells,  which,  in 
contrast  to  attached  cell  lines  such  as  Calu-6  and  A549,  are  not 
removed  during  re  feeding  and  when  harvested.  Thus,  the  protein 
degradation  may  be  a  result  of  RA-  and  4HPR-induced  apoptosis. 
To  determine  whether  the  HL60  cells  were  indeed  undergoing 
apoptosis,  we  performed  FACS  analysis  and  analyzed  caspase  3 
activity.  We  did  not  see  an  increase  in  caspase  3  activity  as 
assessed  using  a  Colorimetric  CaspACE  assay  and  PARP  cleavage 
(data  not  shown).  However,  the  FACS  analysis  did  show  an 
increase  in  the  sub  Gj/Gq  fraction,  indicating  increased  cell  death, 
as  well  as  a  dramatic  arrest  in  G^Gq  (Fig.  4 b).  These  results 
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Figure  4-(<z)  Analysis  of  OVCA2  protein  expression  in  HL60  cells  treated  with  0,1  p.M  and  1  p,M  all-trans  retinoic  acid  (RA)  and 
N-(4-hydroxyphenyl)retinamide  (4HPR)  compared  with  control  cells  (ethanol  alone)  for  24,  48,  72  and  96  hr.  Fifty  micrograms  of  extracts  from 
the  indicated  treatments  were  separated  by  10%  SDS-PAGE  and  processed  by  Western  blotting.  The  blots  were  probed  with  the  anti-OVCA2 
antibody  TJ143.  ( b )  FACS  analysis  of  HL60  cells  treated  with  1  p,M  RA  or  4HPR  or  ethanol  alone  for  96  hr.  Treated  cells  were  harvested  and 
stained  with  propidium  iodide  and  analyzed  by  FACS.  The  percentage  of  cells  in  each  stage  of  the  cell  cycle  is  indicated. 
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Figure  5 -Tissue  expression  pattern  of  0VCA1  and  OVC42 
mRNA.  Blots  containing  5  pg  of  polyA+  selected  mRNA  from  each 
of  the  indicated  human  tissues  were  hybridized  with  a  ~830  bp  cDNA 
probe  corresponding  to  exon  13  of  0VCA1  and  exon  2  of  0VCA2  (a) 
or  a  ~200  bp  cDNA  probe  corresponding  to  exon  1  of  0VCA2  (b). 
Size  standards  are  in  kilobases. 


suggest  that  OVCA2  may  be  targeted  for  protein  degradation  after 
RA-  or  4HPR-induced  differentiation  and/or  apoptosis. 


Figure  6 -(a)  Characterization  of  OVCA2  expression.  Twenty 
micrograms  of  extracts  from  the  indicated  cell  lines  were  separated  by 
12%  SDS-PAGE  and  processed  by  Western  blotting.  The  blot  was 
probed  with  the  anti-OVCA2  antibody,  TJ143.  Lane  Cos-1 10VCA2, 
extract  of  Cos-1  cells  that  had  been  transfected  with  pcDNA3- 
0VCA2;  lanes  HIO-118,  HIO-135,  HIO-117,  extracts  from  SV40 
Tag-immortalized  human  ovarian  surface  epithelial  cell  lines  (HIO); 
lane  primary  ovarian  cell  line,  extract  from  human  ovarian  surface 
epithelial  cell  line;  lanes  A2780  and  SKOV3,  extracts  from  ovarian 
cancer  cell  lines;  lane  MCF-7,  extract  from  breast  cancer  cell  line,  (b) 
OVCA2  expression  in  human  tissues.  Fifty  micrograms  of  extracts 
from  the  indicated  human  tissues  (Clontech)  were  separated  by  12% 
SDS-PAGE  and  processed  by  Western  blotting.  The  blot  was  probed 
with  the  anti-0 VCA2  antibody  TJ143. 


0VCA2  has  a  broad  tissue  distribution 

To  characterize  0VCA2  further,  we  analyzed  OVCA2  mRNA 
expression  in  a  variety  of  tissues.  Multiple  tissue  Northern  blots 
were  probed  with  the  exon  2/13  of  OVCA1/2  or  the  unique  exon  1 
of  0VCA2 ,  as  depicted  in  Figure  1.  As  shown  in  Figure  5a,  all 
tissues  exhibited  2  bands  (~2.4  and  1.3  kb).  When  our  blots  were 
reprobed  with  an  exon  1  probe  of  0VCA2 ,  all  tissues  tested 
exhibited  only  the  1.3  kb  band  representing  the  0VCA2  transcript, 
with  testis,  heart,  skeletal  muscle,  liver  and  pancreas  showing  high 
mRNA  expression  (Fig.  5b). 

In  addition,  we  analyzed  OVCA2  protein  expression  in  a  num¬ 
ber  of  cell  lines  and  tissues.  Western  blot  analysis  using  the 
anti-0VCA2  antibody  TJ143  revealed  that  Cos-1  cells,  transfected 
with  a  genomic  DNA  fragment  containing  the  2  exons  of  0VCA2 
under  the  control  of  a  CMV  promoter,  produced  the  predicted  —25 
kDa  protein  (Fig.  6a).  The  same  results  were  obtained  when  Cos-1 
cells  were  transfected  with  the  0VCA2  cDNA  (not  shown),  indi¬ 
cating  that  the  mRNA  transcribed  from  the  genomic  DNA  was 
correctly  spliced  within  the  cells.  The  antibody  also  detected 
endogenous  0VCA2  in  various  breast  and  ovarian  cell  lines  (Fig. 
6a)  and  in  a  variety  of  human  tissues  (Fig.  6b).  Of  the  tissues 
analyzed,  the  kidney,  liver,  testis,  placenta  and  thymus  all  exhib¬ 
ited  high  levels  of  OVCA2  (Fig.  6b). 


0VCA2  is  highly  evolutionarily  conserved 

The  0VCA2  protein  consists  of  227  amino  acids  (Fig.  7).  A 
BLAST  search  of  GenBank/EMBL  and  SwissProt  databases  re¬ 
vealed  that  0VCA2  does  not  match  any  known  mammalian  genes. 
However,  1  C.  elegans  and  4  yeast  proteins  were  identified  that 
exhibited  up  to  60%  similarity  and  up  to  45%  identity  to  the  amino 
acid  sequence  of  OVCA2  and  that  contained  a  similar  number  of 
amino  acids  (Fig.  7).  These  sequences  were  described  as  putative 
dihydrofolate  reductases  (DHFRs),  but  they  share  more  conserved 
domains  with  OVCA2  than  with  mammalian  DHFRs  (data  not 
shown).  A  BLAST  search  of  the  EST  database  revealed  full-length 
mouse  and  partial  rat  OVCA2  homologs  displaying  87%  and  86% 
similarity,  respectively,  to  the  amino  acid  sequence  of  OVCA2.  In 
addition,  2  plant  ESTs  (rice  and  arabidopsis;  up  to  53%  similar) 
and  multiple  human  sequences  were  identified.  A  multiple  se¬ 
quence  alignment  of  OVCA2  with  all  available  non-human 
OVCA2  homologs  (Fig.  7)  revealed  at  least  5  conserved  domains, 
which  presently  have  no  known  function,  but  which  may  be 
important  new  functional  domains  based  on  their  evolutionary 
conservation.  Zoo  blots  probed  with  the  unique  exon  1  of  OVCA2 
demonstrated  that  all  mammalian  species  tested  have  an  OVCA2 
homolog  (data  not  shown).  Interestingly,  when  exon  2  of  OVCA2, 
which  is  a  noncoding  exon  of  OVCA1 ,  was  used  to  probe  these 
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Figure  7  -  Multiple  sequence  alignment  of  OVCA2  amino  acid  sequence  and  similar  sequences  from  mouse,  rat,  C.  elegans ,  S.  cerevisiae , 
S.  pombe ,  rice  and  arabidopsis.  At  least  5  conserved  regions  are  evident.  Two  protein  kinase  C  phosphorylation  sites  (PKC),  2  casein  kinase-2 
sites  (CK2),  a  potential  pseudo-leucine  zipper  motif  and  a  potential  MYB  DNA  binding  site  (MYB-DNA)  are  all  indicated. 


blots,  both  OVCA2  and  OVCA1  bands  were  identified,  suggesting 
that  the  genomic  arrangement  of  the  2  genes  is  conserved  among 
many  different  species.  This  high  degree  of  evolutionary  conser¬ 
vation  suggests  that  OVCA2  may  be  very  important  for  normal 
cellular  function. 

The  Genetics  Computer  Group  package  was  used  to  evaluate 
functional  motifs  within  the  OVCA2  amino  acid  sequence  (Fig.  7). 
Two  protein  kinase  C  phosphorylation  sites  (amino  acids  18  and 
178),  2  casein  kinase-2  phosphorylation  sites  (amino  acids  76  and 
84)  and  a  possible  leucine  zipper  variant  (amino  acid  95)  were 
identified,  all  of  which  are  conserved  within  the  available  mouse 
and  rat  sequences.  In  addition,  a  MYB  DNA  binding  motif  was 
observed  (amino  acid  83),  which  is  identical  to  the  native  MYB 
motif,  except  for  a  conservative  amino  acid  change  from  trypto¬ 
phan  to  phenylalanine.  Interestingly,  this  domain  contains  1  of  the 
casein  kinase-2  phosphorylation  sites.  No  other  functional  groups 
were  identified  that  could  provide  clues  to  the  function  of  OVCA2. 

OVCA2  protein  model 

Sequence  analysis  using  PSI-BLAST  indicated  that  OVCA2 
is  related  to  the  N-terminal  domain  of  some  DHFRs,  notably 
DYR_SCHPO,  a  DHFR  in  yeast.  This  domain  has  a  hydrolase  fold 


that  is  found  in  a- (3  hydrolases  including  esterases  and  lipases  and 
includes  the  3  residues  of  the  catalytic  triad,  Asp,  Ser,  His  (Fig.  8). 
The  crystal  structure  of  Protein  Data  Bank  entry  1 AUR32  was  used 
to  build  a  model  of  OVCA2  using  the  side  chain  conformation 
prediction  program  SCWRL.28  The  sequence  identity  between 
OVCA2  and  the  crystal  structure  is  only  13%,  but  the  same  fold 
was  identified  with  high  confidence  with  3  different  programs, 
PSI-BLAST,26,  3d-pssm33  and  Threader.34  The  significance  of  this 
domain  within  the  DHFRs,  however,  has  yet  to  be  reported. 


DISCUSSION 

We  have  found  that  expression  of  OVCA2  but  not  OVCA1,  is 
downregulated  in  cells  in  response  to  RA  and  4HPR.  This  is  in 
contrast  to  a  recent  paper  by  Liu  et  ai, 22  in  which  it  was  reported 
that  OVCA1/DPH2L  mRNA  levels  were  decreased  in  several 
cancer  cell  lines  after  treatment  with  RA  or  4HPR.  The  authors 
used  mRNA  differential  display  to  uncover  genes  modulated  by 
RA  in  human  lung  cancer  cell  lines,  and  a  clone  was  identified  that 
was  homologous  to  the  3'UTR  of  OVCA1/DPH2L.  They  per¬ 
formed  Northern  blot  analysis  with  a  probe  to  a  3'  fragment  of 
OVCA1/DPH2L  that  detected  both  a  —2.3  kb  trancript  and  a  —1.7 
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Figure  8 -Molecular  model  of  OVCA2 
shown  as  a  ribbon  diagram.  The  3  residues  of  the 
catalytic  triad  conserved  in  a- (3  hydrolases  are 
shown  as  stick  figures.  The  model  was  built  from 
Protein  Data  Bank  entry  1AUR.31 


kb  transcript,  which  is  consistent  with  our  Northern  blot  data  when 
probed  with  exon  2/13  of  OVCA1/2.  We20  and  Phillips  etal.35  have 
previously  described  the  2.4  kb/2.3  kb  transcript  as  OVCA1/ 
DPH2L.  However,  Liu  and  colleagues22  interpreted  the  —1.7  kb 
transcript  to  be  a  smaller  transcript  of  OVCA1/DPH2L.  We  have 
now  clarified  that  the  1.7  kb/1.3  kb  transcript  encodes  for  OVCA2, 
which  is  an  entirely  different  protein  from  OVCA1/DPH2L. 

We  have  found  that  the  OVCA2  mRNA  is  downregulated  in 
response  to  10  p,M  RA  and  4HPR  in  the  lung  cancer  cell  lines 
A549  and  Calu-6.  Liu  and  colleagues22  also  found  that  the  1.7  kb 
transcript,  which  we  have  now  shown  corresponds  to  OVCA2 ,  is 
downregulated  in  Calu-6  cells  and  slightly  downregulated  in  A549 
cells.  We  have  evaluated  the  sequence  of  the  OVCA2  promoter  for 
potential  retinoic  acid  response  elements  (RAREs)  and  API  bind¬ 
ing  sites.  Our  initial  screen  of  the  first  10  kbp  of  genomic  sequence 
upstream  of  exon  1  failed  to  uncover  any  of  the  common  RARE 
consensus  sequences.36  However,  we  did  identify  3  putative  API 
binding  sites,  and  it  is  possible  that  OVCA2  may  be  downregulated 
because  retinoid  receptors  antagonize  API  activity.6 

At  the  protein  level,  which  is  a  more  relevant  biologic  marker 
for  cellular  processes,  the  effect  on  OVCA2  in  A549  cells  appears 
to  be  less  dramatic,  and  therefore  there  must  be  some  compensa¬ 
tion  in  OVCA2  expression  at  the  posttranscriptional  level.  Indeed, 
there  are  also  differences  in  mRNA  and  protein  levels  seen  in  the 
same  tissue  type  from  the  multiple  tissue  Northern  and  Western 
blots,  although  the  tissue  sources  are  different  and  therefore  it  is 
difficult  to  do  a  direct  comparison.  In  Calu-6  cells,  OVCA2  protein 
was  downregulated  after  RA  and  4HPR  treatment;  however,  this 
only  occurred  with  high  doses  (10  p,M),  and  after  3-4  days.  The 
most  dramatic  and  interesting  effect  was  seen  with  HL60  cells  in 
which  OVCA2  was  degraded  in  response  to  RA-  and  4HPR- 
induced  cell  differentiation  and  apoptosis.  It  has  been  shown  that 
HL60  cells  undergo  apoptosis  in  response  to  RA  and  4HPR,3031 
and  our  FACS  data  are  consistent  with  increased  cell  death; 
therefore  this  may  be  a  consequence  of  apoptosis.  However,  we 
did  not  find  any  consensus  cleavage  sites  forcaspases  1, 3, 6,  8  and 
9  within  the  OVCA2  sequence,  and  we  did  not  detect  any  increase 
in  caspase  3  activity  in  response  to  the  treatments;  therefore  it  is 
unlikely  that  OVCA2  is  a  substrate  for  the  caspases. 


Further  investigations  are  required  to  determine  how  OVCA2  is 
being  proteolytically  cleaved,  how  this  is  related  to  RA  and  4HPR 
treatment  and  the  functional  consequence  of  this  downregulation. 
In  Calu-6  cells,  which  have  previously  been  shown  to  undergo 
apoptosis  in  response  to  RA  and  4HPR,22’37  it  is  still  not  clear 
whether  the  decrease  seen  in  OVCA2  protein  levels  is  due  to 
transcriptional,  posttranscriptional  and/or  posttranslational  pro¬ 
cesses.  Although  we  did  not  see  the  degraded  product  in  Calu-6 
cells,  this  may  be  because  the  dead  cells  are  removed  during 
feeding  and  before  harvesting. 

In  contrast  to  OVCA2,  OVCA1  is  not  significantly  affected  in 
response  to  10  fxM  RA  or  4HPR  in  Calu-6  and,  if  anything,  is 
slightly  upregulated  in  response  to  4HPR  in  A549  cells.  We  have 
shown  that  overexpression  of  OVCA1  reproducibly  inhibits  col¬ 
ony  formation  in  several  ovarian  tumor  cell  lines  and  that  stable 
expression  of  exogenous  OVCA1  expression  is  difficult  to  obtain, 
which  is  consistent  with  but  is  not  proof  of  a  tumor  suppressor 
function.21  However,  overexpression  of  OVCA2  in  a  variety  of 
tumor  cell  lines  has  no  obvious  effects  on  growth  (Prowse  and 
Godwin,  unpublished  data).  The  fact  that  OVCA2  is  downregu¬ 
lated  in  Calu-6  and  HL-60  cells  also  suggests  that  OVCA2  is  not 
likely  to  be  a  tumor  suppressor. 

The  MRAL,  which  we  have  mapped  in  ovarian  tumors,20  is  in 
fact  only  20  kb,  and  our  mapping  studies  indicate  that  there  are 
only  3  genes  in  this  region,  OVCA1  and  OVCA2 ,  which  we  have 
previously  reported,20  and  OVCA4 ,  which  is  a  testis-specific  gene 
(Godwin,  unpublished  data).  It  therefore  seems  likely  that  OVCA1 , 
not  OVCA2 ,  is  the  likely  tumor  suppressor  gene  in  this  region.  It  is 
of  interest  that  the  Calu-6  and  A549  cell  lines  analyzed  by  Liu  et 
al.22  exhibited  no  OVCA1  transcript  by  Northern  blot  analysis,  but 
our  analyses  do  show  OVCA1  mRNA  and  protein  in  these  cell 
lines.  This  could  be  due  to  analyzing  different  subpopulations  of 
the  cell  lines.  Their  cell  lines  are  of  interest  since  the  lack  of 
OVCA1  transcript  suggests  that  OVCA1  could  be  a  tumor  suppres¬ 
sor  gene  involved  in  the  development  of  lung  tumors.  Indeed, 
studies  have  shown  that  LOH  at  17p  is  one  of  the  most  frequent 
alterations  in  lung  cancer. 15*16*38  In  addition,  LOH  at  17pl3.3  is 
more  frequent  than  at  17pl3.1,  where  TP53  maps,  and  it  appeared 
to  occur  in  the  absence  of  TP53  mutation  and/or  17pl3.1  dele- 


192 


PROWSE  ETAL 


tion.15’16’38  It  will  be  important  to  investigate  further  the  role  of 
OVCA1  in  the  development  of  lung  cancer.  In  addition,  it  will  be 
of  interest  to  analyze  the  effect  that  RA  and  4HPR  have  on 
OVCA1  expression  in  breast  and  ovarian  cell  lines. 

In  summary,  OVCA2  is  a  novel  gene  identified  on  chromosome 
17pl3.3.  OVCA2  is  composed  of  2  exons:  a  unique  exon  1  and  an 
exon  2,  which  comprise  part  of  the  3'  untranslated  region  of 
OVCA1.  Thus,  the  2  genes  are  overlapping,  but  their  protein 
products  are  completely  distinct.  Both  OVCA1  and  OVCA2  are 
highly  conserved,  suggesting  they  have  important  roles  in  the  cell. 
The  homology  of  OVCA2  to  a-p  hydrolases  suggests  that  it  may 
have  some  enzymatic  activity;  however,  further  studies  are  re¬ 


quired  to  determine  the  significance  of  this  observation.  Further 
analysis  of  the  function(s)  of  OVCA2  will  help  to  determine  the 
role  of  OVCA2  role  in  retinoid-induced  growth  arrest,  differenti¬ 
ation  and  apoptosis. 
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